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Hie present mvention relates to methods for modolatnig die re^stance of cells to foD^gn con^Niunds, ije. drags, antibiotics, etc 
by altering die ATP gradient across biological roonbianes. The alterii^ of die ATP gradient across Inologica] membranes is achieved 
throug^i the manqmladon of ecto-phosphatase activity and ABC transporter molecule activi^ wiuch may be useful to confer heit>icide 
resistance to plants, confer antiUotic resistance to bacteria, confer drag resistance to yeast cdls, or to reduce redstance in cells to fadlitate 
chemodierapeutic treatments, and to reduce resistance in bacteria and yeast The present faivoition is also dhccted to die mediods for 
Identifying ecto-phosphatase tnhibitois and uses tfieneof. 
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GENETIC AND EPIGENETIC MANIPULATION OF ABC TRANSPOFCTERS AND 
ECTO-PHOSPHATASES FOR THE CONFERENCE OF DRUG RESISTANCE AND FOR 
THE LOSS OF DRUG RESISTANCE IN BIOLOGICAL SYSTEMS AND METHODS 
FOR THE DETECTION OF ECTO-PHOSPHATASE INHTOITORS 

1. INTRODUCTION 

The present invention is concerned with modulating the drug resistance 
pathways of ceils in order to dther confer or overcome reastance to cotain drug molecules. 
Such modulation entails modulation of an extra-cellular phosphatase (ecto-pho^hatase) and 
an ABC (ATP-binding cassette) transporter in order to adueve the de^red effect on drug 

S re^stance. Stnnulationoftheecto-phosphatase other alone or together with stimulation of 
the ABC transporter yields an increased reastance to drug molecules while inhibition of the 
ecto-pbosphatase alone or together with the ABC transporter yields reduced resistance to the 
drug molecule. Drug re^stance is achieved through the alt^ing of the ATP gradient across 
biological membranes which is effectuated through the modulation of an ecto-phosphatase 

10 dther alone or together vnth an ABC tran^orto* molecule. Modulation of drug re^stance as 
desoibed herein is usefiil in conferring herbidde resistance to plants; conferring drug 
redstance to nncroorgaiusms and tissue culture cdls; reducing drug redstance in tumor cdls 
for improved chemotherapy applications; and redudng redstance to antibiotics, antifimgal 
agents, and other drugs in microoigaiusms for the treatment of infections and disease. The 

1 S present invration is also dvected to methods for identifying hdubitors of ecto-phosphatases 
and uses thereof 

BACKGROUND OF THE INVENTION 
Transport Processes 

20 Cdls can use a phenoma3on called import to move sohible products across 

biolo^cal membranes. Symport is a form of coupled movement of two solutes in the same 
Erection aax)ss a membrane by a dngle carrier. Examples of proton and sodium-Unked 
symport systems are found in nearly all living systems. The energetics of the transport event 
depend on the rdative dze and dectricd nature of the gradient of solutes. 

2S Transport processes have been dasafied on the bads of thdr energy-coupling 

mechanisms. Currently there are four classifications: (1) Primary Active Transport vdiich uses 
dther a chemical, light or dectricd energy source, (2) Group Trandocation vAnch uses 

1 
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chemcal oiergy sources, (3) Secondary Active Transport wWch uses either a sodhim or 
proton electrochemical gnuUent energy source, and (4) Fadlhated IXffii^on wUch does not 
require an oiagy source. Meyers, R. A., 1997, Encyclopeaa of Molecular Biology and 
Molecular MeiBcineMlS-U^: The present invaition is related to transport molecules 
bdongtng to the first class of transport processes, primary active transport, and therefore, this 
type of transport will be discussed in fiirther detail 

Primary active transport refers to a process vdiereby a *^rimary" source of 
energy is used to drive the active accumulation of a solute into or extrusion of a sohite from a 
cdl. Transport protdhsinchideP-typeATPases and ABC-type ATPases. These types of 
transport systems are found in both oikaiyotes and prokaiyotes. The bacterial ABC-type 
transporters, vAnch are ATP-driven sohite pumps, have aikaiyotic countaparts. Additionally, 
many transmembrane solute tran^rt protdns exhibit a common structural motif The 
protdns in these fomlies con^ of units or domains that pass througjh the membrane six 
tim^, each time as an a-hdbc. This has led to the suggestion that many tran^ort protdns 
share a common evolutionary origin, but this is not true of several distinct femilies of tran^ort 
protdns. Numerous structurally distinct bacterial permeases, as weU as several homologous 
eukaryotic transport systems, share a common organization. Mey^, R. A., 1997, 
Encyclopedia of Molecular Biology and Molecular Medicine 6;125-133. Two hydrophilic 
domains or proteins function to couple ATP hydrolysis in the cytoplasm to activate substrate 
uptake or ^Sux, and two hydrophobic domains or proteins function as the transmembrane 
sid>strate duumds. These protdns or protein domains constitute what is referred to as the 
ABC (ATP-bindmg cassette) superfenuly. Either the two hydrophilic domams or proteins or 
the two hydrophobic domdns or protdns (or both) may exist dther as h^ocfimm or 
homodimers. as in most bact^id systems, eadiofthese constituents is a distinct protein, 
then dther two, three, or four gcaes will code fiw them, depoiding on whether both are 
homodimers, one is a homodimer and one is a heterodimer, or both are hetCTodimers, 
respectively. The best characterized of the aikaryotic proteins included in this family are the 
multidrug-re^stance (MDR) transporter and the cystic fibrosis related chloride ion channel of 
fn^trmiAliiin cdls (cystic fibrods transm^nbrane conductance regulator or CFTR). Meyers, R. 
A., 1997, Eruyckq^eiUa of Molecular Biology and Molecular Medicine 6il25-133. 
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MuWdnig Resistance 
NbiMdmg reastance (Nn)R) is a general t 
cdls or imcrooiganians that exlubit leastance to diffmnt, dmnicany Asdndlar, cytoto»c 
compounds. MDR can devdop after sequential or simultaneous exposure to various drugs. 

^MDR can also devdop before exposure to many compounds to which a cell or nuaooiganian 
may be found to be redstant. MDR which devdops before exposure is frequently due to a 

: genetic event i^ch causes the altered expresdon and/or mutation of an ATP-binding cassette 
(ABC) transporter. Wadkm^ K M. and Roepe, P. D., 1997, International Review of 
CWotogv 171:121-165, This is true for both ewkaryotes and prokaryotes. Id 

One prominent memba* of the ABC family, P-glycoprotdn (Pgp; also known 

. as multidrug reastance protein or NfDRl ), \^di is a plasma-membrane glycoprotdn that 
confers a multidrug re^stance (MDR) phenotype on cdls, is of conaderable mterest because it 
provides one mechanism of posably intubiting resistance in tumor cdls to chemotherapeutic 
agents. Senior, A E, ct al., 1995, FEBS Letters 377:285-289. Pgp is a smgle polypq)tide of 
--1280aminoadds with the typical ABC tran^rter structure profile. StucBes have shown 
that over-expresaon of Pgp is respondble for the ATP-depradoit extruaon of a variety of 
coiiq>ounds, induding diemotherapeutic drugs, from cdls. Abraham, E. BL ct al., 1993, Proc. 
Natl. Acad. ScL USA 90:312-316. 

Over one-hundred ABC transporters have been identified in spedes ranging 
fit)mJ&cAenc*iaco/i to humans. Hig^CF., 1995, Ce// ^:693-696. For exanq)le, tiie 
bacteria Lactococcus lactis ejqiresses an ABC tranqx)rt^, LmrA, whidi mecfiates antibiotic 
resistance by extrudiiig anq^phiHc compounds fix>m the inner leaflet of the cytoplasmic 
monbraM. van Vera HW. et aL, 1998, Ncmtre 391:291-295. Furthermore, ovo^-oq^ression 

. of Unr A can confo MDR in human lung fibroblasts and LmrA has dmilar molecular and 
Inochemicalprop^estoPgp. Id This donoiistrates tiiat bacterid Ijiur A and ^ 
fimctionaDy int^hangeable. Id Additionally, the plant i^rafr/d^t^psfs/A^^ 
ATP transporter, AtPGP-1, which is a putative Pgp homolog. Dudla*, R. and Hertig, C, 
1992, Journal of Biological 267:5882-5888. Similarly, the yeast Saccharomyces 

cerevimae equivalent of Pgp, STSl (Bisango-, PJI and Kuch^, K, 1994, J. BioL Chenu 
269:418(M186X has been doned and ^wn to confer multidnig resistance when ova> 
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expressed in yeast, as has the yeast PdrSp (Kolacskowsld ct al., 1 996, 7. BioL Chem. 
271:31543-31548). Taka togetho*, these i^suhs suggest that this type of imdti 
resistance ^Ehix pump is conserved fix>m bacteria to humans. 

Wide various theories of ABC transporter fimction have beco 

5 there is still no precise molecular-levd description for the mechanism by wUch over- 
e?q)ression low^ intracellular accumulation of drugs, in particular bow Pgp lowers 
intracellular accumulation of chemothoap^tic drugs. However, it has been shown that Pgp 
over-e3q>ression also diariges plasma manbrane electrical potential and intracellular pH which 
could potoitialiy greatly affect the cdhilar flux of a large number of compounds to which Pgp 

10 confCTS resistance. RandyM. Wadkins and Paul D.Roepe, 1997, /iileroo/iV^ 

Cytology 171 : 121-165. Also included in the ABC transporter supo-fenuly are the Cystic 
Fibroas Transmonbrane Conductance R^;ulator (CFTR) and the Sulfonyl Urea Recq>tor 
(SUR). CFTR and SUR are e?q)ressed m the hmg q)itfaelium and the P ceDs of the pancreas, 
req^ectiveiy, as wdl as mother tissues. CFTR fiincticms as a low conductance ATP and cyclic 

15 ANfP-depmlent Cr channel that also appears to have additional important fimctions^ s^ 
modulation of epitiielial Na^ conductance and regulation of outwardly rectified chloride 
channels. Wadkms, R. M. and Roepe, P.D., 1997, International Review of Cytology 171: 121- 
165. Mutations in the CFTR gene produce alta^ed CFTR protdns with defects in CFTR 
fimction, leacfing to profound alterations in epithdial sah transport and ahered mucous 

20 properties in cystic fibroas patients that result in chrcmic hmg infections associated with the 
disease. M SUR is triggered by sulfonyl urea dnigs to depolarize pancT^ 
leadstoCa^'*'iriflux, wUdistinndatesfosionofui^^ . 
membrane. Id An ATP transfk>rter hypothecs has bem suggested for Pgp, CFTRandSUR 
theorize that these ABC tran^rtm function as ATP transport Cham Abraham, 

25 E. H, ct al, 1993, /Voc. Natl. Acad Sci. USA 90:312-316; Schwetbert, E. M, 1995, Cell 
81:1063-1073: and Al-Awqati. P.. 1995. &ieyicg 269:805-806. The ATP channel 
hypothec however, has been viewed vnth skq)tidsm. This is partly due to the inability to 
show the same results with preparations including purified and reconstituted CFTR, 
suggesting that the ATP conductance that was ori^ially observed may have been mediated by 

30 another protdh, not present in the purified system, that is influenced by CFIR. Wadkins^R 
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M. and Roepe, P. D., 1997, Intmuxticml Review of Cytology 121: 121-165 /Tliere has been 
no such negative data reported with reject to the ATP channel hypothecs for Pgp or SUR, 
but the controversy over OFTR has nused doubt for Pgp and SUR as 

In support of the ATP channel hypothesis, Huang et al. {Biochem. Bioptiys. 

5 Res. Commun. 182:836-843 (1 992)) have suggested that extracelhilar ATP leads to elevations 
in pH, and Weiner et al. {J. BioL Chem. 261:4529-4534 (1986)) have suggested that 
extracellular ATP may regdateNaVH^ exchange in Ehriichasdtes tumor cdls. It has also 
been observed that changes in Pgp levels affects pH aiui plaana membrane electrical potaitials 
v^ch could be connected to recent obsCTvations suggesting the involvem^t of ATP transport 

10 inMDR. 

Additionally. Abraham et al. (Proa NaiL Acad. ScL USA 90:312-316 (1993)) 
have reported that the adcfition of extracelhilar ATP to MDR cdl fines confers s^h^ 
drugs abolishmgMDR. The data for this ^ect were not presented in the artide and no 
further explanation was ffven for this friienomenon. Furthmnore, there have been no 
15 subsequem pidihcatioiis addresang or explaimng this effea^ 

FurthoTOore, Ujhazy ^ al. (InL J. Gwiccr 68:493-500 (1996)) have shown that 
ecto-S -nucleotidase is up-regulated in certain MDR cdl Ih^. Ecto-5 -nucleotidase is the final 
enzyme in the extracelhilar pathway for salvage of adenosine from phosphorylated purines. 
Zimmerman H., 1992, Biochem. J. 285:345-365. The proposed hypothesis for the 
20 involvement of ecto-5 -nucleotidase in drug resistance considers its role in the maintenance of 
intracelhilar ATP pools through the adenosine salvage pathway. Ujhazy et al., 1996, InL J. 
^. Gmcer 68:493-500. Ecto-5'-nudeotidase spedfically acts in admoaloe sah^e pat^ 

converting AMP to ademiane winch is more readily takm up by the ceU and utifiz^ 
P precursor for ATP production. Therefore, ecto-5'-nudeotidase may be acting in c«tainN!DR 
25 cdlfinesasamechamanbywlttchthecdldrci^ 

transport protdns whidi possibly form ATP transport channels) by oeating higher levels of 
adenoanefrom which the cell can produce ATP. Correspondingly, 63% of MDR ceil line 
/ variants tested expressed ecto-5'- nucleotidase. These obsai^ons suggested that a salvage 
mechamsm for extracdiular nucleotides may be anoth^ way by vAnch certain MDR cells 
30 counterbalance tiieir ATP losses from efflux induced by the over-expresaon of ABC 
transporters involved m MDR. Con^mt with tins hypothesis, inhibitors of ecto-5 - 
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nucleotidase confOTed sen^thdty to certain drugs in MDR cdl lines wWdi over-express the 
ecto-5'-nucleotidase. 

It is also intoresdi^ to note that yeast, wluch do not have an adenosine salvage 
pathway ( Boyum, R. and Guidbtti, G., 199VMicrobiolagy \42:A90]-]90SX do contain a 

5 Pgp-like gene called STSl (Bissinger, P.R and Kucher, K., 1994, J. Biol. Chem. 269:4180- 
4186. Therefore, since the adenoane salvage pathway is unlikely to be involved in yeast 
multidrug resistance, oth^ mechanisms are likely to exist. 

Recent rq[>orts have confirmed the existence of ATP in the extracelhilar matrix 
(ECM) of both muhicdhilar organisms and unicellular organi^ns. Sedaa, K. et al., 1990, J. 

10 PhamuwoL Exp. Ther. 252: 1060-1067 and Boyum, R. and Guidotti, G., 1997, Microbiology 
143 : 1901-1908, reiqiecdveiy. However, no such fqx>its are avmlable which suggest the 
existmce of ATP in the ECM of plants before the in^esent invention. These rq)orts have 
prompted fiirther investigations of the fate of ATP outade the cell. One of the largest 
gradients in bioio^cal systems is that of ATP. It is a mUlion-fold more ooncoitiated inade the 

IS cdl than outside. V^yyrases are oizymes whose umfying charact^stic is thd^ 

hydrolyze the gamma phosphate of ATP and to a lessa- extent, the beta phosphate of ADP. 
Plesner, L., 1995, Int. Rev. Cyto, 158: 141-214. Most apyrases are expressed as plaana 
m^nbrane assodated protdns with thdr hydrolytic activity &dng into the ECM. Wang, T. 
and Guidotti, G., 1996, J. BioL Chem. 271:9898-9901. Extracdlular apyrases are generally 

20 referred to as ecto-apyrases. Given reports that show the existence of extracdlular ATP, one 
obsen/ation regarding ecto-a^yyraise is that it faydrofyze^ t^^ Infiict,w<uic 
in animal systems has shown that apyrases l^drolyze ATP in the ECM as part of the adenoane 
salvage pathway con-joindy ixdth ecto-5' ectonudeotidase. Che, M., 1992, J. BioL Chem. 
267:9684-9688. The exigence of a dnular ecto-apyrase system 1ms not been reported m 

25 plants prior to the present invention. Ad£tionaDy, ecto-2^yrases have not been shown, prior 
to tlw presmt invention, to have a role in MDR 

While some references ^pear to indicate that MDR may act at the level of 
ATP transport, the role of ATP in MDR has not been adequately ehiddated and has remained 
a point of contenticm in the field. The present invration provides 'msigfat into the role of ATP 

30 tran^rtinMDRby showing that the extracdlular ATP pool in c^^ 

While the adeno^ne salvage pathway may help compensate for ATP losses in MDR by 
pro^^g a mechanian to recoup admosine, it is not tte oitical aspect of the role of ATP in 
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MDR as evidenced by the obsea^tion that only a subset of MDR cell lines rSbrt to tMs 
mechamsm via the up-r^gulation of ecto-S -nucleotidase to maintain dnig reastance. In &a, 
the previous data teach away from modulating extraceDuar ATP levds and place the focus on 
mechanisms which are involved in modulating intracdlular ATP levels. Suice AMP is the 

5 _ preferred substrate for ecto-5-nucleotidase, with ATP and ADP beings 

(Zimmerman, R, 1992, Biochem. J. 285:345-365), it is unlikdy that ecto-5'-nudeotidase is 
involved in modulating extracelhilar levels of ATP. While high levels of ATP have beai 
demonstrated to be useful m theinhibition of tumor growth, its effects on tumor cells have 
been shown to prevent cell growth and induce cell death through the inhibition of the S phase 

10 of the cdl cycle. U.S. Patent 4,880,918. There has been no implication, prior to the present 
invention, of the importance of modulating extracellular ATP levels in MDR. 

Additionally, there has bera no identification of spedfic mhilntors of apyrase 
(an ecto-phosphatase). Such inhibitors and methods for identifying sudi uihibitors would be 
usefid for studying the importance of ecto-(^osphatases in MDR, for modulating MDR and in 

15 industrial i^pfications(e.g.d^ermuung the tit^ of mio-obiam soil). 

It would be particular^ usefiil to have more efifecth^e niechanians by to 
modulate drug re^stance in various organisms. In particular, dnoe the use of Pgp inlnbitors 
has not been totally effidoit in avercoTomg the reiustance seen in tumor cdls which have been 
repeatedly exposed to chemotherapeutic agents, it would be usefid to have other mechamsms 

20 by whidi to combat such resistance in Uimor cdls to provide more efifective diemotherapaitic 
treatmfflts. Funh^more, there are many othor applications for the modulation of dru% 
redstance vAidk are contenq)lated by the present invention, such as the engineering of 
herbidde redstant plants for use in agriculture. 

25 SUMMARY OF THE INVENTION 

The present invention is directed to a method for the modulation of drug 
redstance m cdls. In one embodiment, resistance is conferred througji over-expression by 
genetic manipulation of ABC transporters and ecto-phosphatases which are capable of 
affecting extracelhilar ATP pools and thus affecting the ATP gradient across biolo^cal 

30 membranes. Conference of redstance is useful to achieve herbicide reastance in plants, drug 
reastance m yeast (i.e. redstance to anti-fiingal agents) in biotechnology applications, 
antibiotic reastance in bacteria in biotedmology applications and for drug reastance m 
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eukaryotic tissue cuhureceUs in biotechndogyap^^ In another embodiment, loss of 

drug re^stance is achieved by suppressing the breakdown of extracdiular ATP through the 
down-regulation of ecto-phosphatases in the presence or absence of the down-r^;ulation of 
ABC transporters. Loss of redstance is useful to nntigate drug resistance problems assodated 
with chemotherapy and in the treatment of infections from redstant strains of nucroorganisms. 
The modulation of drug re^stance is achieved, at least in part, by ahering the ATP gradient 
across biological membranes through the aforementioned manipulation of ABC transporters 
and ecto-phosphatases. The present invention is also directed to m^hods for the 
identification of inhibitors of ecto-phosphatases and uses thereof 



RRTFF DKRr RlPTlON OF THE FIGURES 
FIGURE L E3q)resdon of iq^rase in pea and in tran^enic plants (A) 
Immunoblot analysis of subcellular fractions from ^olated pea plants. (B) Top, the total 
phosphate accumukted in the shoots ofthree independent transgenic plants. Bottom, a 
15 corresponding immunoblot performed on protem Srom ECM of wild-type and transgenic 
plants. (C) Assay of phosphatase activity in the ECM fraction of OEl and wild-type. 

FIGURE 2. Transport of the products of ATP hydrolysis by transgenic plants 
overexpres^ng apyrase and by wild-type plants. 

FIGURE 3. Conference of re^stance to cycloheximide (A and B) and nigeridn 
20 (C and D) in wild-type and ecto-phosphatase defident yeast over-expresang the Arabidopsis 
plant ABC transporter, AtPGP-1; 

FIGURE 4. Conference of resistance to cycloheximide (A) and cytoldnin (B) 
m Arabidopsis plants over-aq)res9ng dther the ecto-phosphatase, iqyyrase, or the ABC 
transporter, AtPGP- 1 . 

25 HGURE 5: Griqih showing the growth turbidity of YNfR4 yeast over- 

expr^smg the Arabidopsis plant ABC tranq)orter AlPGP-1 grown in cycloheximide (A) or 
nigeridn (B). 

FIGURE 6. Graph showing germination rate of Arabidopsis plants grown in 
the presence of cycloheximide v^ch over-express either the ecto-phosphatase, apyrase, or the 
30 ABC transporter AtPGP-L 
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FIGURE?. Graph of steady-state levels of ATP in the extracellular flmd of 
wild-type yeast cdls grown in the presfflce or absoice of ghicose and in the presence or 
absence of over-expres^on of the Arabidopsis plant ABC tran^rter, AtPGP-1 . 

FIGURES. Graph showing that over-expresdon of iira6i^oj75?5pl^^ 
S transporter, AtPGP-1, in yeast can double the steady-state levels of ATP in the extracelhilar 
. : fluid. 

FIGURE 9. Graph showing that a yeast mutant, YMR4, that has a deficient 
ecto-phosphatase, accumulates ATP in the extracellular fluid and the over-expresdon of 
AtPGP-1 increases the accumulation of ATP. 
10 FIGURE 10. Graph showing results of a pulse-chase experiment in dther 

vdld-type yeast cdls or a yeast mutant, YMR4, which is defident in ecto-phosphatase activity, 
in the presence and absence of over-expres^on of Arahick^s plant ABC tranq)orter, 
AtPCH^-l, demonstrating an early (fifferential ATP efflux of cells over-es^resdng AtPC3P-l. 

FIGURE II. Gnq>h of ATP levels on the surfitce of leaves of Arabidopsis 
IS plants over-expresai%AtPGP-l(MDRI). 

FIGURE 12. Effects ofphosphatasemhibitor in wUd-type and AtiPGP-1 
(MDRl ) overexpressing Arabidc^m plants. 

HFT An DESCRIPTION OF THE INVENTION 
For purposes of clarity of description, and not by way of Umitation, the detailed 
description of the invoition is divided into the following subsections: 
0) conference ofheibidde resistance in plants; 

(ii) confemce of drug redstance in recomUnant research applications; 

(iii) inUbftion of drug resistance in dianotherapy; 

(iv) inhibition ofdrugresitfance in miofoorganisnis to treat infection^ 

(v) ecto-phosphatase hdubition 
Conference of herbicide resistance in plants 

The present invention is directed to a method for the modulation of drug 
resistance in plants, particularly herbicide resistance, in part through the manipulation of the 
ATP gradient across biological membranes. In accordance with the invention, the 
manipulation of extracdlular ATP levels and hence the ATP gradient across biolo^cal 
membranes in plant cells by the over-apres^on of a MDR-ABC transporter and an ecto- 
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phosphatase, results in resistance to certain plant honnones, drugs and heibiddes. Such 
resistance is useful in horticulture of recombinant crops for the elimination of other unwanted 
plants (e.g. weeds) which are not re^stant. The invention is based, in part, on the unexpected 
observation that the over-expression of either an ecto-phosphatase, or an ABC transporter can 
confer resistance to certmn drugs and herbiddes in plants. 

Up-regulation as used herdn refers to increasing the activity of a molecule 
within a cell by dther providing an outside source of the molecule {e.g. an expression cassette 
containing a DNA encoding the molecule) either in single copy or multiple copies i^ch when 
expressed in the cell increases the amount of ^the molecule in the cell, by increa^ng the 
transcription of the endogenous or exogenous molecule to ino'ease the amoimt of the 
molecule in the cell, or by modi^ng the exogenous or endogenous molecule in the cell post- 
translationally to achieve an increase in activity of the molecule. Down-regulation as used 
herdn refers to decrea^ng the activity of a molecule in a cell by dtiier decrea^g the amount 
of the molecule in the cdl (this may be achieved by over-expresaon of an anti-srase RNA 
corres^nding to the molecule or by inhibiting factors necessary for the e?q)ression of the 
molecule) or by modifying the exogenous or endogoious molecule in the cell post- 
translationally to achieve a decrease in activity. Such post translation^ modifications may 
include phosphorylation, adenylation, glycosylation, ubiquitinylation, acetylation, methylation, 
femesylation, myristilation and sulfation. 

The ecto-phosphatases remove phosphate fix)m any ATP extruded fiom the 
cell, rendering the ATP ineffectual for transport of drugs back into the cell. Ecto- 
phosphatases as referred to herein do liot inchide extracellular phosphatases involved.in the 
adaioane salvage pathway. MDR ABC transporters form diaimds wUdi facilitate the efiSux 
of molecules, ux:hiding drugs, fit>m cdls. This efflux is likely effectuated thrcmgh the "piggy- 
back" efflux of drug molecules with ATP, a phenomenon known as symport. 

In one embodiment of the invention, the over-«presaon of an ecto- 
pho^hatase confers drug re^stance in both wild-type and/or genetically en^eered plants. 
This efiect is seen in plant cells over-expres^g plant apyrase grown in the presence of (1) 
cydoheximide, a potent inhibitor of protdn expression, (2) nigericin, an antibiotic which 
effects ion transit, and (3) N5 (2-isopentenyl) adenine, a <^okinin plant hormone which is 
herbiddal at ndo-oniolar and millimolar concentrations. 
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In another embodiment of the invention, the over-expresdon of an ABC 
tran^rter confers drug resistance in wild-type and gen^cally engineered plants. In a 
preferred embodiment, the ABC transporter ^ch is over-expressed is the Arahidopsis ABC 
transporter AtPGP-1 . The ov^-expresdon of AtPGP-1 can confer reastance in plants to 
S cycloheximide, nigeridn and cytokinins. 

In a preferred embodunent of the invention the efiea of over-expression of 
V both an MDR-ABC transportar and an ecto-phosphata^ is rahancanent of the ATP gradient 
across biolo^cal monbranes and thus sthnulation of resistance to certain plant hormones and 
herbicides. In a particularly preferred embodiment of the invention, the MDR-ABC 
10 transporter which is over-expressed is the Arabidopsis AtPGP-1 and the ecto-phosphatase 
^ that is over-expressed is apyrase. 

The invratipn particularly contemplates the conference of resistance in plants 
to heibiddes which resemble establidied drugs inq>licated in multidrug resistance, as wdl as 
plant hormones such as cytokinin, auxins, gjbb^^IUns and brassinosterdds. The present 
IS invention also contCTfiplates the conferoice of resistance in plants to tte nonlfaniting list of 
diemicals^ sudi as those set forth in Table 1 



TABLE 1 


CommcxiNaniB 


Piemical Nam^ 


acctoddor' 


«ditoio-N*<edioxyniedi^)-N-(2-ediyl-6Hnediy^ 


a^fluorfen 


S-[2-Gfaloro-4-(trifiu(mmed)yl)phenoxy]-2Hiitr^^ add 


acrolein 


2-pix^>enal 


alachlor 


2<&k)ro-N-(2,6-d]elfay^henylH4-(niedi0xyroediyOaoet^ 


ally] alcchd 


2<propen*l-ol 


ametryn 


N-ediyl-NHl-niediylelh)i)-6Hniethylthio)-l,3,5^ti^^ 


amitrole 


1H-l,2,4-triazol-3-aniine 


AMS 


amiBCTiHnn suifematc 


arsenic add 


arsenic add 


asulara 


n^3^[(4-aminaphenyl)sulfiiiyl]caibaniate 


atraton 


N-dfayl^SHnedioxy-N'Kl^nediylediyl)-l,3,5-triazin^^^ 


atrazme 


6-cfaloro-N-ed]yl-N*-(l -niediyiedi)4)-l ,3,S-triazine-2,4-diamflie 
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aza&nidin 


2-[2,4-did!l<»o-S-(2i)rQp}niyl0xy)phenyI]-S,6,7,^ 
•l,2,44riazolo{4,3-a]pyridBi-3(2H)-<xie 




aziinsulfuron 


>]-[[(4,6-diinedioxy-2-pyriinidiii^)amm 
H-^etrazol-S-ylVlHiiyrazole-S-sulfbDainide 




Daroan 


4-diloio*2-butyiiyi 3-diiorophenylcarbainatB 




BCPC 


l-foethytpropyl S-cfaloraphenylcaibainate 


5 


boiazolin 


4Hdiloro-2-oxo-3(2H)-bai20thiazoleacetic add 




boiefin 


N4>iityl-N-ediyl-2,6-ilinilJo-4-{trif^^ 




baisulfuron 


2-[[[[[(4,6-diiiietfioxyT2-pyriiii^^ 
sulfimyi]inediyI]benzoic add 




bensulide 


0.04>is(l-inedi^edivl)S424(plienvisulfbnvl)ai^^ 
ediyI]pliospliofO(fiduoale 




bentazon 


3-<l-niefliylediylHlH)-?J.34)cnzortiiadia2a^ 2,2-dioxide 


1 A 


boAzadoK 


[(ben2oylaiiuno)oxy]aoedc add 




bGUzipiam 






beozofluor 


N44-{etfayidiio)-2-(trifiuonmiedi)4)ph€nyl]i^ 




benzo^^rc^ 


N4>enzp>4*N-(3,4^d)lon3phenyI)-DL-alanme 




benzthiaziinxi 


N-2-beQzodiiazolyI-N'-inedi^uiea 




bifenox 


mediyl 5-(2,4«didilorophenoov>-2^itroben2oate 




bofax 


scxfium tetrabmte 




bromaci] 


5-bit)nK>-6-niediyl-3-(l-in^jH^ropyI)-2,4< 3I^yrimidiDedioiie 




V% W^MA ^^VMM ^%W««M 

DroinoicDoxiin 


3,SH]ibioiiio-4-hydro79benzalddiyde (H2,4Hliiiitn)|dieDyI)oKiine 




biomoxyiiil 


3,SKiibrano-44ydra)cyben2C»it^ 


20 


butachlof 


N*(butoxynied)yi)-2<faton>-N-(2,6-^ 




butam 


2^Kiiinetii^-N-(lHnediylediyI)-N'^henylme^ 




butamifos 


0-edi)d CK5Hn€di)i-2*iutrophenyi) 
1 H]ielhy1^fopy)pbo^)horaniidoduoate 




budiidazole 


3-[S-(l, 1 Kiiiiiethylediyl)-i,3,4-lhiadia2ol-2-yl] 
-4-hydn>xy-lHiidtfayl*24inidazo]idmon^ 




butralin 




25 


buturon 


N•-{4-dllo^D^Aeny^)-N•^l1dhy^N-{l -mrthyl-2-propynyi)urea 




btitylate 


S-edi)d bis(2Hn8tby^iQpy0caibamoduoate 
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dhnediyl arsmic add 




cambendiddor 


^haiyliiiimo>fi-2,l*edmedi bis(3,6-<&diloTo-2-in^ioxybaizoate) 




carb^amicfe 


N-^>d-24[(phenyIaiiimo)carbooyl]oxylpr<^aii^ (R)-isoiner 




CDAA 


2-diloit)-NJ^Hli-2-propenylaoetaiiude 


5 


caiietitrazone 


'tte a^ha diaracter" 

;2-didikm)-5-[4Kdifhioioiiirth:^H>dl 
H)xo-lH-1^4^ttiazoi-l-yl]^fluofoben2enepi^^ add 






2<faloio*N,N-diediylace(ainide 




CDEC 


2-dilofO-2-propenyl diedi^lcarbamodhhioate 




CEPC 


2*di]on)^yl (3-di]oro(di€n)4)caibainate 






3-ainmo-2,S-didiloroben2Qic add 


10 


UUWi dAiUO 


6^1on>-N,N,N'.N*-tetraefliyl-M.54ria2i^ 




diloibramiron 


N*-<44)n>mo-3<Uoraphen^)*NHnftedi0x^^ 




cfalorbTi&in 


l-inelfayl*2-propynyl (3HM>io|dien^)ca]i^^ 




dilorfluiend 


2Kiik>ro-94ydi0xy-^H-fluorene-9'<arboxylic add 




ddomnunxi 


2-[U[(4Hdilon>-64xieduxxy^ 
benzoic add 


IS 


diloroxiinn 


hr-[4-(4<bloixq3hCTOxy^hOTyIJ-N,N-dnnethyiuTea 




dilorpropham 


1 -meth^edi^ 3-dik)ioiAen)dcaibaiiiate 




cfaiorsulfuron 


aniino]caitKHiyI]baizenesuifinaniide 




cfaloFtfaianud 


2,6-didik)roben2mecaibodi]aii^ 




cfaloitohiroD 


N'K3<Uoro4-iiiedi)dpheoylH4J4'Kiii^ 


20 ^ 


cinmeth^iiD 


exo<db>lHiiedi^*4KlHnediyl^yi)-2-[(2Hnedi^^ 
-7-oxabicyclo[22.1]heptane 




dsanilide 


ds-2,S-dnn^)d*N-pheny]-l-pynoUdmecaibaxaiiiide 


•■- 


clediodiin 


(E,EH=t>2-Il-U(3Khteix^2i)ropaiyl)o^^ 
-SH2<<etfayitUo^iopyi]-34)ydn»^-2-cydoliexeo-l^ 




dofbp 


2-[4-(4-diloropheno7cy)pheQoxy]pTq>anoic add 




cIcHnazoae 


2-[(2-dil<m3phen)4)niedi^-4,4-dm^]d-3-isoxazoU 


25 


clq>roxydiin 


(E^H-[l-[I(3-dil<HX>-2i)ropenyl)oxy]mm 
-542K€ftyfthio^ropyI>34iydfOxy-2-cyddiexen-l<TO 
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cloransulara 


3-chloro-2-n(5-ed[ioxy-7-fluoro[lA41triazololl,5-c] 
pynimdm-2yl)sulfcM]yl]aniinoJbefi2soic aad 


clq)yralid 


3,6^dik>io-2-pyndiiiecarboxylic aad 


CMA 


calaum salt of MAA 


copper sulfite 


copper sulfite 


4-CPA 


(4-diIon)phenoxy)acetic aad 


4-CPB 


4-(4-di]oro|rfienoocy)fautync aad 


CPMF 


lHM(m>^-<3,4-diddoiq»]ieDyl)-N-N-di^^ 


4^PP 


2-<4-clilorophenoxy)propionic acid 


CPPC 


2-dil(HO-lHiied)ylediyi (3-dikm3pli€n^)cai1>amate 




-2-ra^ylpnyaneaitnle 


cycloate 


S-ediyl cyck)hexyiedi^cart>ainodiioate 


cyclosulfiunuroD 


N-^n2Kcydq)iopylcaiboayi)jAenyl]animo]sul^ 
-N'-<4,Miinedioxy^2iyyiinikl^ 


cycfairai 


1f*<:yclo(Xtyl44,N-diinedi)durea 


cyfaalofop 


(R)-244-<4-cyaiio-2-fhiorophenoxy)plienoxy]pf^ acid 


cyperquat 


lHn^yt-4ffaen3^yridmiuin 


cyprazine 


6-cUofO-N-cydq)ropj^-N'-<l -^n^ytehyl)-! ,3,5^tria2iiie-2,4Hiianm 


cypiazole 


N-[5K2K*lon>-lJwfimdhyldh>d^l,3,44hiadia2» 
cyckyrapanecaibCTainicfe 


cypromid 


N-<3,4-didilc»Y9dienyi)cyclopn3panecarboxainide 


2,4-D 


(2,4-dicfalpn)plieno7cy)acetic aad 


3,4-bA 


(3»4-dichI<m|meo0xy)aoeUc aad 




2^-didilciopropaiioic acki 


dazon^ 


tetrahydro-3,5-dimOTyi-2H-l ,3,5-miaaiazme-2-tiuooe 


2,4-DB 


4-(2,4-dicUorpplienGoqr)butanoic add 


3,4-DB 


4-(3y4-diduoropneaoxy)butaDOic aad 


DCB 


1 y2-dicfaIordbenzene 


DCPA 


dimethyl 2,3A6^tetiachtoro-l,4-benzeQedicarboxylate 


DCU 


N,N'-4is(2,2^-tridiloio-14iydrax^ 


2.4-DEB 


2-(2,4-didilon3fdienoxy)etliyl benzoate 
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delachlor 


2-dU<m>-NH2,6Hliiiiedi)dphenyl)-N*[(2-n^ 






trisr^-T? 4wiichloraDhenoixvWlh^dlDhosDhite 




tflcMBFtnA/lmliskfn 
(16MlftCul|llMSIll 








NHnediyl-N*--(l -iiiedi^ediyi)-6-(fnediyldiio)-l ,3,5-triazine-2»4-dianune 






S-^2.3-diclilony-2H3roDai^) bisfl-inelfavledivl^caifoaiiiGdiioate 






3 6-didiioio-2-4iietfaoKvbGnzoic acid 






? ^-didilorahenzan^Tilc 




dicliilonii9t6 


3 il>4li<4ilAfffi lienKnennellianol medivlcaTfaainate 




dichiorpfx^ 


f:i-V7'-/7 4wltf!)ilomihenoxv\DniDanoic acid 


10 


didofop 


(J:)-244-(2,4Hiiddorofd}enoxy)phmoxy]pn3panoic add 




dicryl 


NK3,4Kitdiloro|Amyl>2Hnediyl-2'pn)penaini<te 




diethatyl 


N-(diloroac^I)-N-{2,6-diedi>^hmyl)glyc!ne 




didosulam 


N-(2,6-dichloroiriienyI)-5-edioxy-7-fiuoio[l,2,4] 




dl&QOpGlltQl ' 


fF\ /-j-^ fl M -r4 -frriflnnfiTWTigtlTOTVihCTCTtrvTnVtgii^ acid 


15 


difenoxuron 


N'44-(4-mediaxyiAeaaxy)phaiynTNJ4'<i^ 




difbozoquat 


l^Hiiiiiediyl-3,5H]q>henyl-lH^yra2diiiin 




dtimdiachkn* 


2-^oio44K2,6^diiiieth^phaiyI)-N-<^ 




dunfitfaaniGtiyD 


N-(l,2-diin^y%)nvyl^N'-dhyI-^niediy^ 
1 3 S^tTiaztiie-2 4«diaiiuiie 




UlUIU CUUlUv 




20 


dlDOSiiiU 


2«n«niellivlfai]tv]V4 6-diiAitiiuulicn<d 










mi m^pi V 


2-f 1 l-diinedivledi^V4 6-dimtioidioK>l 




dipbe&amid 


N^«diniediyl-a-phenyl benzmeaoetanude 




dipropctryii . 


6-(ethyltfaio>NJ^-^is(l^iiediyidhyI)-l»3,S-triazi^ 


25 


diqiiat 


6,7'dihydrodyyrido[l^-a:2^r'K;lpyra2gnrf ioD 




didiiopyr 


S,S<liin^yl 2Kdifluo]t3inediyI)-4-(2Hii^ylprop^ 
-6-(trifluoromedi)4)-3,5-pyridineA 




diuron 


NH3,4-didiIofq)henyI)-H>l-diiiiediylurea 




DNOC 


2'-iiiedi^-4,6-diiiitrophenol 
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7 il-TM> 


z-\^,*M]iCuK>njpiiaiaxy^ propanoic acia 


UoiVLn 


aiSOaiulu Salv QI iVlAA 




einyi ois \z-€tnyinexyi^no^tiinate 




j^-^«»-ciuoiXM>-€uiyia]iiioo* i , j,^-inazni-z-yi ^gi^rcme 


910001311 


/ -0KaDicyciO|Z.z. i jncpiane-Zy^nucarucxxyiic acta 


endotfaal-sodhim 


Sodium salt of endodial 


EPTC 


S*^y] diprq)yl carbamodiioate 


ertxui 


2-(2,4,54riclilonxdienoxy)etfayl-2^H^ 


edialfluralin 


N-eth\d4^-<2Hnediyl-2i)n»en\4)-2,6-di^^ 

benzenamme 


cttwindstilfiiroii 


2-{[[[[4-ellui?^-6-(inediylai^ 
caibQi]yl]ainiiK>]sulfbn]4]beozoicacid 


ediidbnuioii 


i>i-( j'^inyisunonyi*! ,3,4-fniaoiazoH2*yi)*w Hiiineuijfiufea 


etnioiate 


a-emyi cnetiiyicaroaiiiocnioatg 


cdiofumesate 


\±yL'^sOBi£SJK^f^2^''W ntemanesiiliooace 




dtediyl thiop^oxydicarboQate 


fenac 


ZyiyO-Cnctuorooenzeneaceac aQd 


fisnoxaprop 


(db)-2<{4-[(6-ddoro-24>en2xsxa2o]yi)oxy]phe&oxy]piopan^ acid 


&IUIOQ 


t>i^*<iiinfiinyMS -pnenyinrea 


ismiran ivA 


salt or leauion ana Ji^A 


iiaii^)rop 


N-b€n2)oyi-N-(3-dil<MX>-4-fluorq)h€n5^)-DLralaniiie 




(i:)-2-[4-[[5«(trifhioioiiie(hy^^ add 


fluazifisp-P 


(R)-2-[4-Q5-(trifluoroiiiediyl)*2-pyridinyl]oxy]pheQo?^ add 


fiudiloralin 


N-(2H:M>n>edi>^2,6Hiinitio-N-propyl'4^ 


flumetsulam 


NK2,6Hfifluorq)henyI)-5Hnediyi[lA41tiia2oto^ 
pynimdine*2-5ulfeQamide 


fhuniclorac 


[2KMoio-4-fiuon}-S(l,3A5>6J4iexahydix>-l,3-dioxo-^^ 
fdieooxyjaoedc add 


fiumioxaan 


2-[7-fluoix>-3,4Kfihydro-3Kixc>4-(2-prq)ynyl^^ ,4-benz6xa2in-^yi] 
-4,5,6,7-tetrahydro-lH-isoindole-l,3(2H>^ 


fluometuron 


Nj4Hiiinediyl-N'-[3*(trifluor^^ 
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fluorocfaloridone 


3-dik>ro4-(diloromelh]4)-l-[3-(tiifluoron^ 
ynoUdmooe 




fluorodiftD 


2-nitro-l <4-iutrapheno^H-^>^uo]xmieth^benzem 




fluofoglycofiai 


caft)oxyiheth>4 542*dikm>-4-(trifluoroinedi^)^ 
-2-iutn>ben2oate 




flupropadl 


1-mediytediyl 2-<liloio-5-t3 ,6-4ihydro-3Hne<hyl-2,6-dioxo-4- 
(trifluoraRediyl)-l(2H)i)ynmidm 


5 


fhipyisuliiirai 


2-[[[[(4,6HlbiiediOKy*2-pyniiudinyl)an^ 
-6-(tnfiuoi€ii^yI)-3i>yridinecar^^ add 




fluridone 


l-'inethyl-3i>henyl-5-[3-(trifluorDmediyl)phenyl]-^^ 


- 


ftaioxypyr 


[(4-ainincH3^-didik>ro-6-&Qrc>-2-pyridmyI^ add 




fhirtainone 


(i:)5(mediylaiiimo)2i)henyl-4-PKtri^ 
fiiranooe 




fbmesafen 


542<hloro-4-(trifluonMnediyl)phenoxy]-NHn)elfa^s^ 

4^*1I1U ilUvU2aLIUUt? 


10 


fosamme 


ediyl bydipgen (aiiunocaib(Hi)d)pbosphCTate 




glufosmate 


2-aiii]iio-4-0iydra39inediy^lioqdim add 




glyphosate 


N-(phoqdiQnoinediyl)glyciDe 




halosafin 


S-[2<fal<»f)c>-6-&on>-4-(tnfluoromet^ 
N-(ediyl$ulfi»yl)-2Hiitn>ben2ainide 




haioxyfisp 


(±>2-[4-[P<fatoio-5-(trifh]Oitiinedi 
oxy]phen<x)!y]pn^anoic add 


15 


hecaflurate 


potasshnn hexafluoToarsenate 




hfixazmone 


3Hg^ohe>^-6(diiiiediylaiiiino)-lHnefliyl-l^ 
dione 




imazamediabenz 


(d:)-2-[4,5*^ydro^4HiiediyI-4-(l-mea 
•SKsxD-IH4ncuda2xrf-2-^]-4(aiid S)-]nedi^beiizoic add (3:2) 




imazamox 


2-[4,5Hiihydn>4^nediyM-<l-^nediylediyI)- 
-5-{methoxymethyl)-3-pyridinecaTboxylic add 


f 


iiDazs^yyr 


-3<pyTufiiiecaibra^ add 


20 


uuazacjuio * 


2-[4,5-dihydTO^-medi34'4Kl-iiiethyledi]1)-S-^^ 
-3H)umQliiiecatboxylic add 




nnazBthapyr 


2-[4,S-dihydro-4Hnediyl-4-(l Hnetfa3dediyl)-SH»co-lHHiiiida2Dl-2*yl]- 
5-ediyl*3-pyridiiiecaibox^ic add 




ioxyiul 


44iydro9^-3,5-dik)doben2aD]tri)e 
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6^1on>4S,NHneoiyl-r<r-(l Hnethyietnyi)-l,3,5-triaziiie-2,4Knairan 


IPX 


0<^Hnethylethyl)caibonodithioate 


isocarbamid 


N-(2-indhylpn^yI)-2-oxo-l -imidazolidinecaiboa^^ 


isocil 


5-bnmi(>-6-inediylO-(l-niediylediyi^^ 


isom^iozDi 


6-(l,lKliinediyi^liyl>H(2Hiiediyl^ 
tnazm-5-(4Hhone 


isopropalin 


4-(lHneln^ediyl)-2,6Kloimo-^ 


isopraturan 


N,N-diiiiemyi-Ir-i4-(lHnm 


isOUTGQ 




isoxaben 


N-[3-(l -edij4-l -inethy^i€pyl)-5-isoxazolyl]-2,6-din^ 


karbudlate 


3-[[(diiiiediyla]iiino)caibonyl]anuno]pheQy^ (1,1 -diinediylethyl)caibainate 


KOCN 


potasshim cyanate 


lactofbn 


(±)-2-cdioxy-l-inediyl-2-oxorfiyl 
5-[2<faloio-4KtrifluoiTmiediyI)pheaoxy]-2-4^ 


leoacil 


3-cydohexyl-6,7K!ihydio-lHK^lq)aitapyri^ 


linuTon 


l^-{3,4-dkhlorophenyl>T^Hnediaxy4^-iiie^ 


MAA 


mediylafsoiiic acid 


MAMA 




maleicliydrazkie 


1 ,2-Klihydn>-3,6-pyndazniedEone 


MCPA 


(4-chloio-2-^n^ylph«ioxy)ac^c aad 


MCPB 


4-(4<hl(»o-2HiieDiyq»iGncxxy)^^ aad 


mecopiop 


(i:)-2K4<fak>io-2Hnediy^hffloxy)pn3pandc ac^ 


mefluidide 


N-{2,4-diiiiediyI-S4[(trifluoraneA 


metam-sodiuiii . 


Sodhim salt of mediatn 


' niGtainitrQO 


4-animo-3Hnediyl-6i)hayl-lX4-^^ 


media^iopaliii 


N*<2HiietfayI-2^iQpenyl)-2,6-din!tnH^ 


mGtiiaiii 


mediykaibainbdidiKHC acid 


mediazoie 




metfaibcDzuran 


N-(24)en7flthia7jol)^-N»N'-ditnetfa}^ 
NK3HnethoxypiopyO-l^Kl^nethyl^y'>-Mn^ 
methoprotiyii l,3,5-triazme-2,4-diainine 
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mediyl bromide 


br(HTKXD^hane 




metobroniufon 






metoiachlor 


(2-iiKdioxy-l -mediyl^yOacetamide 
2-<iiIoro-N-<2-ediyl-6-inethylphenyl)-N- 


"•■ 


metosulam 


NK2,6-didilon>-3Mneth]iplieq4)-5jHli^^ 
[l^-a]pyrtnddme-2* satfinamide 


5 


metoxuron 


^^-(3KlUoro-4-nletflOxyphcnyl)-N J^Hfi^^ urea 




metribtizin 


4-aniino^l,l-dimediylediyO-Hni^^ 


— - 


metsulfufon 


24[[[(4snedioxy-6-iiiediyl-l,3,S4riazm-2-^^ 
carbon>dlaiiimo]sulfonyl]benzoic add 






S-etfayl hexahydro-lH-azepine-l-carbodiioate 


J.-." ■ 


JUUUcUHlt? 


NH4-d)IoropbmyI)-2^-<&inedi3^>entaiiai^^ 


in 


nKjuOunuiou 


NH4-dik>rq>hcnyl)-NHnftethoxy-N-n^ 




uiOQiiran 


N-<4-chtorqph€nyl>-NJ4-diin^)durea 




uiuniinai 1 v^/\ 


sak of mcnuron and TC A 






mcnosodhim sak of MAA 




napropamide 


N,N-<iiediyl-2-(] <nsqihdia]en^oKy)propaii^^ 


15 




24(lHisq)haalenylaiiuno)carbGi^^ acki 




nd>uiQn 


N4yutyl*N*-{3,4Hfidriorophen)i)-N-in^ 




Oicosulfuron 


24rf[(4,6-diinedioxy-2i)yrimidinyl)aminol^ 
N,NK]]iiiediyI-3*pyridinecarboxaimde 




Dhralin 


4-(iiiediyisiilfinyl)-2,6-diiutro-N^ 




mtrofeu 


2,4-diGidoio-H4-iutfOphenQxy)baizaie 


HQ ^ 


nitrofliiorfen 


2<Uoio-H4-nitnq>henoxyH-(tnfliiorc^^ 




norea 


N^Kiiinethyi-N*Koctahydro^J<«ae^^ 
3aa,4a^a,7a,7aa4s(Hi^ 




norflurazon 


4<falofo-5*<ni^y]aiiuno>2-(3-(tnfluoroiiie^ 
pyndazmoDO 




OCH 


2,3A4,5,5,6,6<)ctadilon>-2-C5clohcMn-l-<»e 




oryzalin 


4-(dq>Top3iammo)-3,5-diii2ttobeazenesi^ 


25 


oxadiazon 


3-[2»4^cUoto-5KlHaaedi3^Gxy)pheDyl]-5Kl,lH^^ 
l,3,4-oxadiazol-2H[3H)-one 




oxyfiuorfen 


2Kiik>ro-l-(3-ethoxy'4Hutrophaioxy)-4-(t^ 
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1 l'-ditneiiivl-4 4'-biDViidiiiiiiin km 


PBA 


diloiinated benzoic acid 


PCP 


oentacfalcvodieno] 




S'-oraovl biilvleftlivlcariiamfl^ioate 


iw»larpnntc scifi 






N*-/ 1 -^Avlui w'^d V-3 4-diinedivlo2 6-duiitxiDbenzenaniine 




111 -trifhioiT>-Nr2'-rnfiibvl-4^DhCTvlsulfcnvlfehenvfl^^ 




3 Jf/I -mflAvlflthoicvVarlwaivnaininQliilifinvl ctfivlnhflnvlcarlainate 




!^-ff fTifiriifwrvca ffaflnvl^TntnftlrAgn vi f^-mfi^vlnlienvlV^Tfiaiinsfe 


n 1^1 Aram 


4«afnino»^ ^ ^-4n^lcMrn»2«4ivriHniec9rhoicvlic ddfi 


piperophos 


S-ll-il^mA-^A-ptif^^ pho^borodidiioate 


PMA 


(acetato-O^enybneicuiy 


potassium azide 


potassnim azids 


priinisiiIfiiraD 


2-[[[[[4,64>is(difluofoinedi€xxy)-2'pyrinii^ 
cai1xmyl]aiiimo]si]lfi3nyi]^^ add 




2-[[4KM»t>-6-(cyclopnvyiainiiip)-I ^,5-triaznie-2-yl]ainmo]- 
2^nedi^)topanenitrile 


prodiamiiifi 


2,4 dmitix>-N3,N3Hiipiopyl-6-(trifluor^^ 


praflucEiIiii 


NKcyciopiopylinediyI)-2,6Hlinit[o^-pr^^ 

Hen zfinAminp 




N-T4^-£blAit>-6--^l*ifKfiivletbvl9rninoV>1 3 ^•^riaznie-'^-vllfflvdiie 

X ^^^^^^■uvi ^^^^^^ X 1 1 wiri iijr x^mjf Kixii 11 1 x y^y«/^u mi ifaii x^ ^ jpxj^ijr Vtiuv 




V^JIGUIWAV X^^^ ATIl^mjflPlJByj^^Jly/,<^T* WlCilllP^fc,^ llWllllMIP 




N N*-4Msf l-iiiedi^elfa^V64iiiednAfai0Vl 3^-triaziiie-2 Awiiammft 

A ^ ^ VB0^ A MlaMJUi y *%>11 *J^f ^ \^ ' TV^i IT IM 1 iTr f A y <v yar sBdlUW Ay ^ T Will 111 ly 


pronamide 


3,5-dichloro (N-1 J^Iim^yl-2-propyn>d)baizamide 


propadilOT 


2KUoro^Kl-mediylediyl)->lidienylaGetaii^ 


propanQ 


NK3,4-didikmpheDy{^iopananiide 


propaqurirafiy 


(R)-2-[[(lHiietfaylediylideae)ainmo](^ 


propazine 




propham 


1 -mediyled)^ phen34carbainate 


prosulfidm 


N«{[4-(dipiq>ylainmo>3,5-<liiiit^ 
S^Snfiniedi^sulfilimine 
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praxflD'Sodiiiii] 


sodium salt of IPX 




pi^/udCDior 


2-Ghiovo-N-<l-mediyl-2i>rc9pynylH^-ph«iylacet^^ 




pyrBzon 


5-amino-4-chloro-2-phenyl-3(2H)-pyridazmone 




pyncior 


2,3,5-trichlon>-4^yridinol 


5 


pyridate 


0-(6-diloro-3-phenyl-4-pyridazmyl) S-octyl caibonoduoate 




pyritfaiobac 


2KlilorD-6-{(4,6*dimedioxy*2i>yrimidiiiyi)Aio]bei^ add 




qumcl(»?c 


3,7-Kiichloio-8-<iuinolniecarboxyiic add 




quinonaimd 


2^-didil(m>-NK3<MofO'l,4-dihydiD-l,4Hiioxo-2-« 
acetamide 




quizalofep 


(d:)-2-{4-[(6-dilQro-2-qumoxaliii^)09^^h^ add 


10 


riinsulfiinn 


N-[[(4,6-dimedioxy-2-pyrimidin34)amiiK>]caitK» 
(ediylsulfi3n^>2'ipyridinesii]£9Dami 




secbum^on 


N-ethyi-6-ffledioxy-^Kl-inedi^iop^)-l,3^-tri^^ 




. sedtoxydim 


2- [l-(edioxyimino)butyl]-S-[2-(edi^tfaio)prQp:^]- 

3- fayKbo79-2-cyddiexen-l-one 




sescne 


2^2,4^fidik>rapliencny)ediyl hydn^ sulfite 




siduron 


N-(2-mediylcyddiexyl>-N'-phenylurea 




silvsx 


2-<2,4,S4ridiloraidienaxy)prapaaoic add 




smidznie 


6<lik>ro-N,N*H]i^34-l ,3,54riaznie-2,4H^^ 




suhgCoo 


NJ4^Hiiediyi-6HnedK»cy*l,3,S4na2ane-2,4-diam]ne 




snnstiyii 


N^'<Uediyl<^nie|thytdiio)-l,3,S4riazine-2,4-dia^ 




soQiuiu aiscniic 


sodfiun aiseoite 


20 


sodimn azide 


sodioinazi& 




sodium ddorate 


sodium ddorate 




solan 








N-{2,4'K]idiksio-HM<i^^i^^ 
3Hnedi)4-5-oxo-lH-U,4-^triazol-l-)^h 




sulfimieturon 


2-[[[[(4,6Kfimediyl*2-pyii]mdii)^)am]no]cai^^ 
beozdcackl 


25 


swep 


mediyl(3,4-diditoiophenyl)caibamate 




2.4,5.T 


(2,4,5-tridikHOpheno97)acedc add 




2,4,5-TB 


4-(2,4»5-tridiloiophenoxy)butanoic add 
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2,3,6-TBA 


2,3,6-tricfaIon>benz(nc add 




TCA 


trichloroacetic acid 




t^Hidiiuraa 


N-[5H(l,lKiimethyl^yl)-l,3,44hiadiazd-2->i]-^^ 




terbacil 


S-chk>ro-3-( 1 , 1 -diinetfaylethyl)-6Hiiediyl-2,4(lH,3H)-pyrinu^ 


5 


terbucfalor 


N-(biitDxvmethvlV2-chk>io44-r2-f 1 l-diinelh^4edi^V 
6-]nediyiphaiyI]acminide 






N-(l,lKiimelhyl^^N'-^yI-6HmedKJxy-l,3^4^ 




terbutfa^azine 


6<Uoio-N-(l jKiiineth)4ediylHf 




tobotol 


2^64mll l-/ltf«p»Vi\fip»li\ii\-A-mp»h-tilnl>Miiil wiTilmiftarKamatft 




tnbutiyn 


N-(l l-dimethvleChvlVN'-<divl<^inedividiioV 
l,3^-tria23iie-2«4-diaiiiiiie 


10 


tetraflunai 


N,N-diiiiediyl-N-[3^1J,2^4etiaflu(m)e^^ 




ifliaz^iiuiLiii 


N N*-diiTi^hvl-N-f5-ftrifluorQfnethvlVl 3 4-thiadiazcJ-2-vniir6a 




jjaxsuXjpyT 


iiiel}iyl-2Kdifluoromediyl)-SK4,5-daiydi^^ 






aimiio]sulfimyl]-2-4hiophenecaibo^ add 




diiobencaib 


S-[(4<falorapheayl>nelfayI]dietfa^caf^^ 


15 


2A3-TPA 


2 A3-tridiIoiopitapiooic add 




U KlilCllV 


S-f2 3 3-tricfaloro-2-oraDeirvn bisn-medivlethvl^caxbamotfaioatB 




friAmilni^nii 


2'<2-<Uoroediaxy>-N4[(4Hiielhoxy'^^ 




tiibenuioD 


2-rfiTf4-nMdiaxv-6Hnelfa^l 3 5«triazni*2- 
yl)melhylanimo]caibonyQaiiiino]^ add 




tiicamba 


2»3,S*trkMico-6-inedioxy benaxnc add 


20 


tridcpyr 


[(3^,64ridkHO-2-fyyridiiiy9(ix^^ add 




tridphane 


2-<3>diddarapheo)^>-2K2;Z,2-tridiIoro^ 




tnetazine 


6<litoit>-N^^4riethyl-l,3,S4riazme-2,4-di^^ 




trifluiaiin 






trifiusulfiuQQ 


2H[I[[4KdoM&ylaiiiiiio)-6-{2^^-tri£hioro^ 
triaaD*2-yl]a]ii]iio]caibQnyI]aniino]suIfi^ add 


25 


trimeturai 


n^eAyl hr-<4-dik>n^henyI)-N,NKiiinediylca]i>aim 




tritac 
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vemolate 


S-piop^ dq>rop>dcaxbaiiiodiidate 


xylachlor 


2Kliloro-N-<2,3-dmielhylpheayi)-N-(l -me^ylediyOacetamkie 



^source imp://piked2.agn.uiuc.edu/wssa/subpages/heitidde/^ 



Also within the scope of the present invention is the stimi^ 
5 activily of an ecto-phosphatase and an ABC transporter by the over-esq}^^ 

- molecule which may act by up-reguladng the expressaon levds or by post*translationally 
modifying the ecto-plu>sphatase and the ABC tran^rter. Such activating regulatoiy 
molecules (e.g. cahnodufin) may be over-expressed alone or together with the over-e3q)resaon 
.. . of the ecto*apyrase and the ABC tran^rter or any other combinatida 
10 Particular embodiments ofthe invention include polynucleotides that 

racode MDR-ABC transporter polypeptides^ ecto-phosphatase poIypq>tides, and stimulatory 
regulatory polypeptides which are capable of stimulating the effliix of drug molecul 
cells, thus conferring drug re^stance. The term polynucleotide encompasses nucleic add 
molecules that encode a conq)lete protein, as well as nudeic add molecules that encode 
IS pqitides^ polypeptides^ or fiagments of a complete protdn. The polynudeotides may 
comprise the wild-type aOde (or a portion of such an aOde) of a flmcticMi^ 
transporter and ecto-pho^hatasei, or they msQT comprise a nmtatedalteleo^ The 
preferred polynucleotides encode the wild-type plant, Arabick^ms Ihcdiana^ AtPOP-l ^C 
transporter (GmEank accesdon # X6 1 370); wild-type Homo sapiens ABC tran^rter 
20 (GenBank acces^on # M29432); wfld-type Homo sapiens MRP-P ABC transporter (PCT 
WO 98/46736); wild-type yeast, Sacchxromyces cerevisiae, transporter STSl (GenBank 
accession #X759 16); wild-type yeast, iScicc^flWT^^ 

(GenBank accession # 1420383); viUd-typeA^rgilius fumigahts Afii-MDRl ABC 
transporter (U.S. Patent No. 5,705,352); wild-type bacterial, Lactococcus lactiSy transporter 
25 LmrA (GenBank accession # U63741); wild-type plant, Pisum sativum^ ecto-phosphatase, 
apyraise (GenBank accesaon # Z32743); and for wfld-type Homo scqriens apyrase (G^iBank 
accesdon # AI^34840); othv ecto-pho^diatases indude //c»^ 

accesdon # AF039916); Homo sapiens CD39L3 (GenBank accession # AF039917); Hmio 
sapiens CD39L4 (GenBank accesdon # AF039918); asd Homo sapiens ATP 
30 diphosphohydrolase (GenBank accesdon # HSU87967). 
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In one embo^ent of the invention, the polynucleotides are operably linked 
to regulatory sequences suflBdent to permit the expresaon of the polynucleotide in a host cell. 
Sudi polynucleotides may be incorporated into nudeic add vectors that are suffident to 
penmt dther the propagation or maintenance of the polynucleotide within a host cell, and 

5 expression therdn. The nature of the regulatory elements wiU depend upon the host cell, and 
the desired manner of expressing the polynudeotides. 

The inv«tion particularly contemplates providing the polynucleotides to 
plants. Suitable plants include, but are not limited to, species from the gen^ Fragaria, 
Lotus, Medicc^, Ombrychis, Trifotium, Trigone tta, Vigna, Citrus, Linum, Geranhm, 

10 Manihot, Daucus, Arabidopsis, Brmaca, Rcphanus, Sinews, Atropa, Ccpsicum, Datura, 
Hyoscyamus, Lycopersicm, NicotUma, Helianthus, Lactuca, Bromus^ A^xnrc^s, 
Antirrhinum, Hemerocallis, Nemesia, Pelargonium, Panicum, Pennisetum, Ranunculus, 
Senecio, Salpiglossis, Cucumis, Bromelia, Glycine, Lolium, Zea, Triticum, Sorghum, 
Ipomoea, Passiflora, Cyclamen, Mahis, Prunus, Rosa, Rubus, Populus, Scmtahmi, Allium, 

15 Lilium, Narcissus, Ananas, Arachis, Phaseolus, Pisum, Oryza, Hordeum, Gossypium. 

Prefaxed prokaryotic vectors for subcloning and production of DNA 
include plasmids such as those capable of replication in £1 coli such as, for example, pBR322, 
CoEl, psClOl, pACYC184, such as those disclosed by Maniatis, T., et al. (In: Molecular 
Cloning, A Laboriat€»yManuaIy Cold Spring Harbor Press, Cokl Sprii% Harbor, N.Y: 

20 (1982)); pETl la, pETSa, pETl Id, pET3d, pET22d, pET12a, pET28a, and otiier pET 
variants (Novagen); pCTNAS, pCDNAl (ItiVitrogen). 

A variety of methods may be used to iiitroduce the polynudeotides o^ 
present invention into a plant cdL Some examples hidude, but are not limited to, 
micromjection directly into the plant embryo cells or introduced by dectroporation as 

25 described in Fromm et al., 1985, Proc. NatL Acad Sci. USA 82:5824-5828; direct 

predpitation uang polyethylene glycol as described in Pas^owski et al., 1984, EMBO J. 
3:2717-2722; in the case of monocotyledonous plants, transformation of pollen with total 
DNA or an appropriate fimctional done and the pollen can thm be used to produce progeny 
by semal reproduction; introduction of polynudeotides with the li plasmid of Agrobaderium 

30 tumefaciens which jKOvides a means for introdudng DNA into plant cells (Horsch et al., 
1988, Current Cpmmmucati<ms in Molecular Biology^ Cold Spring Harbor Press, Ck)ld 
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Spring Haitor, N. Y., pp 1 3-1 9); introduction of polynucleotides with the cauliflower mosaic 
virus (CaMV) (U;S. Patent No. 4,407,956). 

Aparticulaityus^liplasniid-based vectorisPkyk71. Sdiardl, C. et al., 
1987, Gene 61:1-11. TUs vector utilizes the natural transfer properties of the 11 plasmid A 
5 doning vducle sudi as pKYLX71 allows the insertion of a polynucleotide sequence into the 
expression cassette by a dngje recombination event. 

The introducdon of the transfmed DNA (T-DNA) of the plasniid is 
acconq>lished by infecting root calli fix>m Ws ecotype Arabidopsis ihaliana with 
Agrobacterium ftim^^^ under kanamydn sdecdon. The calli are then devdoped fiuther 
10 into plants, Vahrekcns, D., 1992, Proc. NaiL Acad Sci. USA 85:5536-5540. Akematively, 
- ^ootexplantsmqr be infected with the i^^raj^erm Under 

appropriate conditions, a ring of calB forms around the cut surface vMdi is then transferred to 
growth mec&im, allowed to form shoots, roots and devdop fiirth^ into plants. Hooykass, 
P.J. J. et al.. In: Molecular Fam and Function of the Plant Gemme, Plenum Press, N.Y. pp 
15 655-667 (1984). Anotho* akmative is to produce transformed plants using free DNA 
ddiveiy. AH plants fix>m which protoplasts can be isolated and cultured to give whole 
regenerated plants can be transformed by the present mvoition so that whole plants are 
recov^ed which contain the introduced polynucleotide. Methods for generating plants fi^m 
cultured protoplasts are described by Binding, H. he Plant Protoplasts^ CRC Press, Boca 
20 Raton, pp. 21-37 (1985X incorporated herein by ref^ioice. 

EfiSdent plant prraioters that may be used to over-express the ABC 
^ transporters and die ecto-i^sphatases indude over'^nxfaidng plant promoters such as tte 

smaD subumt (ss) of the ribulose 1, 5 Uphosphate caifoox^ase from soybean 
o al., 1982, JMolec. App, Gen. 1:483-498), the promoter of the chloroplqdl a/b Unding protein, 
25 and ite CaMV promote. 

Parts obtained from the recombinant plant such as flowers, seeds, leaves, 
:x: brandies, bark, fiiiit, etc, are covered by the invention. Progeny, variants, and mutants of the 
recond>iiiam plants are also induded within the scope of this mvention. 
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Conference of Proa Reastance in Microorgamgnis 
The present invention is also directed to a method for the confermce of 
drug resistance to nncrooiganisms, inchiding yeast and bacteria in part through the 
manipulation of the ATP gradient across biological membranes. In yeast and bacteria, the 
S manipulation of exiracellular ATP levels and the ATP gradient across biological membranes by 
the over-expression of a MDR-ABC transporter and/or an ecto-phosphatase may r^uh in 
resistance to certain drugs. Sudi redstance is useful for the growth of microorganisms for 
biotedmological q>plications, e.g.^ those used in h^erologous protein production. 

It is particularly advantageous to be able to produce microoiganisms i^ch 
10 are reastant to a variety of drugs fcMT large iscalefennentation^^ 

by ndcrooiganisms frcmi the emoronment may threaten a cosdy procedure. Additionally, the 
present invention is useful to create re^stant microorganism strains in small scale fermentation 
processes, industrial applications, as well as in selection systems for the production of 
recombinant microoiganisms for researdi applications. Research applications may inchide the 
IS use of resistant microorganism strains to study attonative pathways, other than antibiotics, 
antifimgal reagents, or other commonly used drugs whidi could efifectively inhibit the growth 
of microorganisms involved in disease states of humans and animals. 

In yeast, a system which could confer drug resistance may be preferred to 
current research techniques which utilize yeast strains ddBdent for certain amino add 
20 production pathways. These deficient yeast are used to introduce foretgnimdetc adds of 

interest having a nucleotide sequence encocfing a protdn or proteins capable of resurrecting a 
defident amino add production pathway. Sdection occurs when the yeast is grown in mecfia 
defidem in that particular annno add. Tins method of conferring redstance to yeast may be 
costfy, however, ance this requires that the yeast be grown in exp&asive cocktails of the amino 
25 adds in wfaicfa they are defident. In certain embochniCTts of the presort mvention, a cloning 
system in yeast confers drug resistance to the yeast coupled to the introduction of a nucldc 
add molecule (^ir^o^. Such resistance may be constitutive or indudble. The yeast may 
then be sdected by the mtroduction of ine3q>^ve drugs to which the recombinant yeast 
would be resistant: 

30 In other embodfanents of the invention, bacteria may be produced with 

mCTeased resistance to certdn dn^ in order to iadlitate the production and to provide a 
system wluch allows for sdection of bactma based on another medianism other than 
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antibiotic resistance. Su<^ reastance niay be constitutive or inducible and may 

usefiil in large scale fermentatbn where oontanmiation by other microorganisms is more likdy 

to occur. 

Also contemplated by the present mvention is the developmoit of 
5 : microorganisms which grow in soil (soil flora)^ particulaily those dedgned to interact with 

herbicide redstant plants. The soil flora may be engineered with the same resistance to toxins 
as the plants ^h whidi they are eng^ieered to react. 

Additionally, the invention is directed to the devdopmoit of 
microoiganisms >^ch are resistant to multq[)le toxins (two*stage redstant microorgamsms or 
10 multiple^stage resistant microorgaiuans). The toxms could be pres«ted to such two-stage 
resistant oiganisms or multiple-stage nucroorgammis simultaneously or at mdependent thnes. 
The presem invration also com«q>httes the devdopment of two-stage or multiple 
reastant plants. 

In one anbocfinoent of the invention, the over-expresdon of an ecto- 
IS phosphatase confisrs dnig reastaiK^e in wild-type or genetically eng^eered microorgaiiis^ 
This effect was seen in yeast cells over-expresang plant apyrase grown in the presence of 
cydoheximide, a potent inhibitor of protein expression 

In another embodiment of the invention, the over-expression of an ABC 
transporter confers drug resistance in wild-type and genetically en^eered microorganisms. 
20 In a preferred onbodimrat, the ABC transporter whidi is over-e^essed is the Arabidopsis 
/Aa/jafiaABC tnuis(>orter AtPGP-1. This ABC transporter was able to conforeastance to 
: : yeast cdls grown in the presence of cyddieximide. 

In a finther embodhneirt (rf* the mvention tiie afiect of ovo^^ 
c^^ - both an MDR-ABC transporter and an ecto-plK)qp»hatase is to enhance the ATP gra^ 
25 aoposslriologicd membranes and tiiusstimuhte the resistance to certw^ 

In a particularly prefored embodiment of the invention the MDR-ABC transporter whidi is 
•.^ over-expressed is the Arabidopsis thalicma AtPGP- 1 and the ecto-phosphatase that is ov^- 
expressed is Pisum sativum apyrase. 

The mvention particularly contoniriates, but is not limited to, the 
30 conference of reastance in microorganisms to cyclohexhnide, antitnotics, antifungal agents, 
pheromones, heavy metals, flourescent d^es, DNA inteivalatu^ agents, products of plant 
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secondary metabolism such as pdyphenolics and alkaloids, jdant growth substances with 
antimicFobiai properties, and the chemicals listed in Table 1 above. 

In one embodimrat of the invention, the nuddc acids are operably finked to 
regulatory sequences suffident to permit the transoiption of the nuddc add m the 
5 microorganism of interest. Such constructs may be incoiporated into nucldc add vectors that 
are sufiSdent to permit dth^ the propagation or maintenance of the nucldc add and 
e3q>ression tiiereof ^^dthin the host cdl: The nature of the regulatory dements is dependent 
upon the host cdl, and the desired manner of esqiresdng the nucldc add constitutivdy or 
indudbly). 

10 The invention particuhuly contemplates providing the nuddc adds of 

interest to bacteria and yeast. Suitd)le bacteria mdude both aidiad>a 
in mcommodious environments sudi as bogs, ocean dq>ths, sah brines, and hot add sjmngs 
(e.g. sulfiu* bacteria, eKtreme halophfles, methanogens), and eubacteria, vdnch are the 
commonly encountered forms that inhabit soil, water, and larger living organisms (e.g. gram 

IS poative, anaerobic, bhie-green algae, gram negative, and spirochetes). In a preferred 
embodiment, the bacteria are £5c;^renc^iaco& Suitable yeast mclude a large group of 
disparate organisms. Preferred spedes indude the budding yeast, Saccharon^ces cerevisiae, 
mdihe6$^onyeast,Schizascux:har<mt)K:espombe. 

Prefisned prokaryotic vectors iiidude, but are iiot limited to, pkismi^ 

20 as those capaMe of repfication in£: co/i, for exanq>]e, pBR322, ColEl, psClOl, pACYC 184 
such as those disdosed by Maniatis, T., et al. (In: MdecuJar Climn^, A Loiboratcry Manual^ 
Cold Spring Harbor Press, Cdd Spring Harbor, RY. (1982)); pE 
pETSd, pET22d, pET12a, pET28a, and bti^ pET variants (Novaga); pCDNA3, pCDNAl 
(InVitrogen); pRRS4, pRS303, pEO^-l, pBhiesoipt SK, pTrc99A3,C and thdr doivatives 

25 (In: CuneniProtocoh in Molecular Biology, John Wiley & Sons, Inc., Mass., USA (1998)); 
pGEX variants (Pharmada) and bacteriophages (e.g. Lambda phages). 

PrefCTred yeast vectors indude plasmids such as those capable of rq)lication 
in dther Saccharotnyces cerevisiae or ScUzosaccharomyces pombe. These vectors indude, 
but are not limited to, pYES2, pVTlOl, VipS, Prp7, Yrpl7, Pepl3, Ycp24, Ycpl9, Ycp50, 

30 Ylp21,pYAC3,2|Xih,pLG670. In: Ctarmi Protocols mMolecukir Biology John 
Sons, Inc., Mass., USA (1998). 
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A variety of melhods may be used to introduce the potynudeotide 
sequmces into a ndcroorganism. In bactoia for example techniques such as transformation 
of plasmid DNA u^g caldhim cUoride competrat odls^ Ugji e&dmcy conq)etent cdls, 
dectroporation, or infection by bacteriophages as described in Current Pr(Hocols in 
5 Molecular Biology, John VTAey & Sons, Inc., Mass., USA (1998) may be used. 

In yeast, methods to introduce polynudecMides can inchide, but are not 
Ihnited to, the introduction of polynucleotides by integrative transformation, transformation by 
dectroporation, spheroplast transformation, transformation using lithium acetate as desoibed 
in Current Protocols in Molecular Biology/ John Wiley & Sons, Inc., Mass., USA (1998) and 
10 PEG lithium ac^e transformation procedure (Eble, R., 1992, Biotechniques 13: 1 8-20). 

Also within the scope of the present mvention is the conference of drug 
resistance to eukaiyoticcdl lines grown in tissue culture^ induding msect cdl fines and 
mammalian cell fines. The conference ofdnjg resistance to eukaiyotic cdl fines may be useful 
in the use of such ceU fines for the production of recond>uiant protdns, the study of 
IS diemotherapeutic reastance in cdls from various sources, and in the study of toxic levds of. 
drugs in certain reastant cdl Imes. 

Preferred eukaryotic vectors indude but are not Umited to, viral vectors, 
naked nucldc adds, plasmids, shutde vectors, complexes of nucldc adds and other molecules, 
such as polycations (e.g, caticnnc fipids), including those desmbed in Current Protocols in 
20 Molecular Biology^ John Wiley & Sons, Inc., Mass., USA (1998) for introduction of 
hetoologous DNA in mammalian cdls and those described in Baculovirus Expression 
_ Vectors; a laboratory manual, Oxford University Press, New York., N. Y. (1994) for 
introduction of heterologous DNA in insect cdls. 

tnhibhion of Drug Resistance m Chemptiierapy 
25 In an dtenudve embodiment ofdie invention, modulation of die ATP 

gradient, q)edfically the suppresaon of the gradient, may be adiieved by inhibiting fhe activity 
of the ecto-phosphatase and the ABC transporter. Suitable inhibitor mechanisms include, but 
\ are not limited to, the use of small molecules which may bind to and inhibit the activity of the 
ecto-phosphatase and small molecules which may bind to and inhibit the ABC transporter. 
30 Other suitable inhibitor mechanisms indude, but are not limited to, the expression of anti- 
sense RNA molecules which may inhibit the transcription or translation of ecto-phosphatases 
and ABC tran^rters, as wdl as the e3q>resdon of dominam negative mutants of the ecto- 
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phosphatase and the ABC transporters \Mch may act to intorfere With and uduUt the activity 
of thdr ^d-type counterparts. Also within the scope of the invention is the over-expresaon 
of r^latory molecules whidi inhibit the activity of the ecto^phosphatase and the ABC 
transporter. The ecto-pho^hatase may be inhibited alone cht together 
5 transporter. 

Accordingly, it is one object of the present invention to provide molecules 
vAdck down-regulate the activity of ecto-phoq>hatases dther alone or together with ABC 
transportefs. 

The present invoidon provides for methods for the transoiption of 
10 exogem>us aiitisaiseRNA,m WW or mvriro, compriang the admiiiistration of a poiydstronic 
vector wfaidi may contain nucldc add molecules from wUdi may be tianscribed an antisense 
RNA complementary to an ecto-pho^hatase RNA molecule and an ABC tran^rter RNA 
molecule. Tlie ecto-phosphatase nuddc adds and the ABC tran^rt^ imddc adds may be 
operativdy linked to a constitutive promoter or an indudble promoter {e,g. the constitutive 
1 5 m^or intermediate early promoter of cytcmi^;a]ovirus or the indudble metallotfaionine 

promoter). Also witUn the scope of the invention are inuhiple vectors ^erd)y the ectc^ 
phosphatase nucldc add and the ABC transporter nuddc add are incorporated into separate 
vectors. 

The present invention also provides for methods for the ^ression of 
20 exogencnis r^ulatoiy molecules or ssnaXL molecules, in vivo or in vitro, compri^ng the 

administration of a polydstroinc vector or mul^le vectors which mi^ incorporate nucldc add 
molecules encoding for regulat(»y protdns» or sniaU mdecules capable 
activity of an ecto-pho^hatase and an ABC tran^rter. These nuddc adds which encode 
for r^ulatoiy molecules may be operatively linked to either a constitutive promoter or an 
25 indudbte promoter as described above. 

Additionally, it is an object of the present invention to provide mhibitors of 
ecto-phosphatases {e.g. apyrase) in phyaolo^cal compo^ons for modulating MDR states. 
Such plQrsiologjcal compositions comprise a small molecule cq)able of inhibiting an ecto- 
phosphatase and a pl^olo^caDy acceptable carrier or diluent. As used herdn, the term 
30 ^hynoIogicaDy acceptable carrier or dihient" means any and aD solvents, diq>er»on meda, 
antibacterial and antifungal agents, microc4)Sules, Hposon^ cationic lii»d carriers, isotonic 
and absorpti on ddi^g agents and the like which are not inconq)atible whh the ecto- 
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phosphatase inhibitors. The use of such media and agents for pfaysiolo^caUyactive 
substances is well known in the art. Supplementaiy active ingre£«its may also be 
incorporated into the compoations. 

In certain prefored embodiments, only the endogenous ecto-pho^hatase is 

5 inhibited by antisense KN A, regulatoiy protdns, or small molecules. In oth^ embodiments of 
the present invention, both the endogaK>us ecto-pho^hatase and the ABC transports are 
targeted for inhibition. 

In particularly prefored raibodimoits, the ecto-phosphatase is human 
apyrase (e.g. GenBank accession # AF034840, AF039916, AF039917, AF039918, 

10 , HSU87967) and the MDR-ABC transporter is human MDR-1, (e.g. human P-glycoprotdn 

M)R-1, GenBank accession # M29432 and human MRP-P PCX, publication WO 98/46736). 

The nucleic add molecules &om vMdx ^ be transcribed antisense RN A 
molecules described above or the nuddc add molecules encodii^ for regulatoiy molecules as 
described above may be incoqxirated mto any suitable cloning cm' e?q>resdon vector, opoably 

15 linked to appropriate control dements (e.g. promoto- dmients, enhance dements, ribosomal 
bindmg sites, polyadei^adon sites, ternunation sit^ etc.). Examples of such vectors mchide, 
but are not limited to, h^pes amplex vhal based vectors such as pHSVl (Gdlo* et al., 1990, 
Proc, NaiL Acad ScL U,S.A. 87:8950-8954); retroviral vectors such as MFC (Jaffee et al., 
1993, Cancer Res. 53:2221-2226), and m particular Moloney retro^ara] vectors such as LN, 

20 LNSX, LNCX, LXSN (Miller and Rosman, 1989, Biotechniques 7:980-989); vaccinia viral 
vectors sudi as MVA (Sutter and Moss, 1992, Proc. Natl Acad Sci. U.S.A. 89: 10847- 
10851); adenovirus vectors sudi as p]M17 (Ali et al., 1994, Gene Therapy 1:367-394; Baker, 
1988, ^ol^cbri^irev 6:616-624; Wand and Fmer, 1996, J^^otervA/edSfciiie 2:714-71^ 
assodated virus vectors such as AAV/neo (Mura-Cacho et al., 1992, J. Inanunotf^, 11:231- 

25 237); lentivinis vectors (Zuflferey et al., 1997, Naiure Biotechnology 15:871-875). Such 

vectors may be targeted to tiie tumor cdls of interest as described in U.S. Patents 5,834,256, 
5,843,742,5,830,727,5,814,500. 

The inhibition of ecto-pho^hatases dther alone or together A^oth the 
inhibition of ABC transporters is usefiil in the reduction of drug resistance in ceDs. In one 

30 embodimoxt of the invration, the inhibition of ecto-phosphatases dth^ alone or together with 
ABC tran^rters results in a loss ofreastance to drug molecules used in chemotherapy. In 
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another embodiinent of the invention, adnumstration of sudi inUbhory molecules is in 
conjunction with the adnunistration of chemothaapeutic agaits in tumor cdls. 

Administration of the foregoing ag^its may be local or syst^c^ lisng a 
suitable pl^rsiologjca] cairier. Other compounds which aid in the uptake or stability of these 
5 agents, or which have benefidal acuity, may also be induded in the formulations of the 
invention. 

Inhibition of Drug Resistance in Microorgamsms to Treat Infection 

The present invention also relates to methods for inhibitir^ or amdiorating 

10 infection in animals and humans caused by microorganisms^ particularly bacterial and fungal 
infections udng inhibitory mechanisms against an ecto-phosphatase and an ABC tran^rter 
and modifying the ATP gradient across biological manbranes. The invention is usefol in the 
inhibition or anidioration of a \i^de range of infections ihdudmg, but not limited to, gram- 
n^ative bacterial infection inchiding gram-negative sepas, granHi^atiye endotoxin-rdated 

1 5 l^potension and shock, rabies, cholera, tetanus, lymes disease, tuberculo^, CcauMa 

albicans^ Chlamydia, etc. The invention is based, in part, on the une?q>ected result that when 
mutant yeast defident in two potent extracdlular ATP phosphatases were cultured in 
cycloheximide, they were not able to grow. Surpriangly, they were rescued by the over- 
expresfflon of a plant MDR-ABC transporter AtPGP-1, suggesting that the inability to grow in 

20 the dnig was caused by an inabiKty to efflux the dmg wMch was coupled to a defi^ 
extracdlular ATP phoq)hatase activity. 

Drug s«sitivity m nncrooi^gamsms may ^ 
add molecules into bacteria and yeast (as described above) that are capable of conferring 
inhibition of the activity of an «dogenous ecto-phosphatase and an ABC tran^orter. Sudi 

25 nuddc add molecules may transcribe an antis»se KNA complimditaiy to endogenous RNA 
for an ecto-pho^hatase or an ABC transporter, encode for inhibitory r^;ulatoiy protems, or 
encode for inhibitory drug moleoiles. The inhibition or amelioration of the infections may 
involve the administration of an anti-nii(7obial agent (such as an antibiotic or an antifungal 
agent) with the concurrrat adimnistration of the aforemmtioned nucldc acid molecules (which 

30 m^ be adueved through bacteriophages^ etc). Additionally, inhibitors of ecto-phosphatases 
or ABC transporters may be admnnstcared via a pfaysiologicaliy acceptable carrier as described 
above. 
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AddhioiiaUy, the present invention is iiseful in the devdopli^ of genetic 
and epigenettc systems in humans for resistance to toxins from biolo^cal and non-biological 
sources. Such sources inchide, but are not restricted to, pathogens produced by microbial 
infections^ pathogCTS and toxins derived from Uologjcal sources through human contrivance, 

S environmental toxins not produced through biological action, and toxic substances created 
synthetically. In a particular onbodiment, humans at ri^ for exposure would be vacdnated 
either with a gene therapy designed to bdster endogenous ATP gradiots m human cdls, or a 
chemical substance capable of enhancing the strength of the ATP gradient In both instances, 
the target of the genetic or chemical therapy would be either the ABC tnm^orta* activity, 

10 ecto-phosphatase activity or both. In another embodiment of die invention, only the ABC 
transports activity or the ecto-phosphatase activity in an infecting organism is diminished to 
inhibit drug efiBux. Recombinant tedmiques may be used to introduce DNA sequences to the 
microorganism vMdti encode for a small intubitory molecule to dther an ABC tran^rter or 
an ecto-phosphatase or both to cause the inhibition of drug e£9ux from the microoiganiaa 

15 

Ecto-phosphatase Inhibition 
Since ecto-phoqphatases have been shown by the present invention to be 
unportant actors in the modulation of the ATP gradient aooss biolo^cal membranes and thus 
usefid in a variety of applications (e.g, the modulation of drug re^stance), it is an object of the 

20 present invention to provide methods and assays for the idratification of inhibitors of ecto- 
pho^hatases {e.g. apyrase). 

A high-throughput screen was devdoped to rapidly id^itify potential 
inhibitors for ecto-phosphatases and is described bdow in Example 6. This Ugh-tfaroughput 
screen is particularly usefiil, ance no known q)edfic inhilHtors of the apyrase enzyme exist. 

25 Using the Ugh througlqnrt screen, ecto-pho^hataseinhit»t^^ 

small molecule library a comlnnatorial fibrary) for intubitory activity to ecto-phosphatase 
(e.^. apyrase) actiidty. Once ecto-phoi^hatase intubitory molecules are isolated fi^msudi a 
soeen, the ifdubitors may be further tested for their abifity to spe^ 
activity of the ecto-pho^hatase and to reduce drug re^stance in cdls. 

30 The ecto-phosphatase inhibitory liiolecules of the present invention are 

diemically stable and physiolo^cally active and include, inter alia, those molecules 
represCTted by Formulae I through XIX bdow. 
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Preliminary pharmacophore studies revealed that the small molecutC^epresented by 
Formulae I through XIX fall into five dasses of compounds (sulfanamides, guanidines, 
aminothiazoles, thioketones and brazamides). Most of these chenucal dasses are found in 
other physiologjcally-acdve compounds, induding those having pharmaceutical and 

5 therapeutic use. For example, sul&immdes are widely as antilriotics. Additionally, 
studies for the isolation of small molecules capable of reversing MDR have described 
molecules belon^ng to two of the dasses of molecules of the preset invention (Medina ^ al., 
1998, BioorgMed Chem. Lett 8:2653-2656 and Dhamant et al., 1992, X Med Chem. 
35:2481-2496). The moleailes described by Medina et al. have been shown to affect MDR 

10 and the mode of action of the molecules is believed to involve tubulin interactions. The 
thiazine derivatives described by Dhamant et al. revise the redstance in tumor cells to 
loncristine. 

The ecto-phosphatase inhilntoiy molecules of the present invention are usefiil in 
reversing MDR in i4ra6/db/»?5 plants and yeast. MDR revosal in plants and yeast cdls may 

1 5 be shown by growing the cdls in the presence of rdevant dnigs and in the presence and 
absence of the inlubtton Cdls which cannot grow in drug, in the presence of an ecto- 
phosphatase inhilntor, have a reversal m MDR. Additionally, the ecto-phosphatase mMlntory 
molecules of the present invention are useful in revar^g drug resistance in mammafian cell 
lines {e.g. normal COS-7 cells and breast canca* tumor ceUs (e.g. HS5787, MB23 1 and 

20 MB435)) grown in the presence of a drug (e.g. a chemoth^peutic agent). MDR revmal in 
mammalian ceQs may be ^own by using the flourescent compound calcdn-AM. Esterases 
present in cells deave the aceto-metho^ estor (AM) fixmi the calcein-AM and liberate calcda 
Calcein is a flourescrat compound vMch is exdtable by the 488 nm laser of a FACSC^aliber 
flow cytom&ter (Becton Didcenson, Franklin Lakes, N J.), ^e the undeaved calcein-AM is 

25 notexcitaUe. Wild type cdls incubated in the presence of cdcein-AM show a faigi^ 

fluorescence while MDR state cdls, which efflux the calcdn-AM £ister than the cdhilar 
estoases can deave it, do not show a high levd of fluorescence. The mammalian cdls can be 
tested for the reva^ of MDR mth the ecto-phosphatase inhibitors of the presmt invention 
by the amount of calcein fluorescetK^e detected in the cdls. Furthermore, the rdative 

30 inq)ortance of the mammalian MDR gene and the mammalian apyrase gene in MDR can also 
be determined. 
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Spedfidty of the ecto-phosphatase inhiUtors of the preset invention may be tested 
iwith the sCTeerungass^ described in Example 6 below, hifaibftors are tested for their ability 
to inhibit add phosphatases, alkaline phoq^hatases^ myosn pho^hatases and the ludferase 
ATPase. The assays may be performed u^g techniques known in the art. 
5 In one preferred embodiment, the ecto-phosphatiase is an apyrase and the ecto- 

jphosphatase inhibitor is a molecule selected from among molecules represented by the 
Formulae I through XDC. In another preferred embodiment, the ecto-phosphatase is apyrase 
and the ecto-phosphatase inhibitor is a molecule selected from among molecules represented 
by the Formulae I through V. In a particularly preferred embodiment, the ecto-phosphatase is 

1 0 apyrase and the ecto-phosphatase inhibitor is a molecule sdected from among molecules 
rq)resented by Formula I and Formula II. 

The ecto-phoq)hatase inhibitors of the present invention i^cfa are acidic or bade in 
nature can form a wide variety of salts with various inoigamc and organic 
respectivdly. These salts may be pbysiolo^caUy acceptable for in vivo adnunistration m plants 

IS and animals, induding humans. Salts oftheaddic compounds ofthisinvmtion are readily 
prq)ared by treating the acidic compound with an appropriate molar quantity of the diosen 
inorganic or oiganic base in an aqueous or suitd>le organic solvent and then evaporating the 
solv^ to obtain the salt. Salts of the bade compounds of this invention can be obtained 
similariy by treating with the desired inorganic or organic add and subsequent solvent 

20 evapondon and isolation. The skilled artisan can produce sahsoftfae small molecules of the 
present invention using techniques known in the art. 

The sidlled artisan readily can determine the amount of the ecto-phosphatase inUbitor 
that is required to inhibit the ecto-phosphatase by measuriiig ATPase activity in the presence 
and absence ofvaiying amounts of the mhibitor. Pho^hatase activity can be determined by 

25 assesdngthedephoq>horylationof ATPandl9)erationofiriiosphateK 

Example6. Additionally, paranieters may be measured that are known to be assodat^ with 
ecto-phosphatase activity to determine wheth^ the molecule has ecto-phosphatase inhibitory 
activity. For exan^le, ecto-phosphatase inhibitory activity may be measured in cells (eg. 
plant, yeast, manmialian, tumor, etc. cdl lines) by assessing the loss of resistance to drugs. 

30 Furthermore, the ecto-phosphatase inhibitory molecules of the present invention may be tested 
for spedfic inhibitory acti\ity to ecto-pho^hatases versus goiaal phosphatases or for spea&c 
inUbitory acti^oty for a particular ecto-phosphatase activity (e,g. apyrase). 
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AdditionaOy, as stated above, the ecto-phosphatase inhibitory molgCQles of the 
present invention are usefid in reversing MDR. Such a revofsal has sevo-al applications 
including redudng re^stance to diraiotherapeutic agents in tumor ceDs and reducing 
resistance to antimicrobial agents in microorgamsms. 

Inluintionofecto-phosphatases is useful in industrial appUcations as w^^^ For 
^cample, one of the most sen^thre and cost effective wi^ of determining the titer of nucrobia 
in soil, s^dge, blood, food, and textiles is the ludferase ass^ aDows for the estimation 
of microbial biomass through the detennination of precise concentrations of ATP. The 
sensitivity of the assay requires that '^background'' ATP or nomnicrobial ATP present in the 
system as a consequoice of the source of the sample be separated from the ATP used in the 
nuorobe count. The removal of background ATP is accomplished using the ecto-phosphatase, 
apyrase. Afto* removal ofthe background ATP vnthq>yrase, the i^yrasem^ 
inactivated. GCTeraltechmques for removal could be improved and ainpMedi^^ 
of inactivating the apyrase by adding a spedfic apyrase inhibitor of the present inventioa 

The present invention also provides pfayadogically aocq;>table compo^tions 
compriang an ecto-phosphatase inhibitor of the present invention and a pbysologjcally 
acceptable carrier or diluent as described above. The use of such physiologically acceptable 
carriers or diluents are weD known in the art. Formulation of such physiological compositions 
can be made uang known procedures, e.g. according to Rraiington's Pharmac^cal 
Sdences, 17^ ed. Mack Publishing Co., Easton, Pa. Formulation of the compoimds of the 
present invention may be stable under the conditions of manufacture and storage and must be 
preserved agidnst contamination by microorgamsms. Contamination can be avoided usiiig 
antimiax>bial {e,g. antibacterial and antifungal) agents. 

The pfayaologjlcal forms of the conqK)uiub of the mve^ 
mdude stoile aqueous sdutions or disp^ons and sterile powdm for the extemporaneous 
preparation of sterile iqectable sohirions or dispersions. Typical carriers indude a solvent or 
di^er^n n^ctium contahiing, for ecample, water buffered aqueous solutions (Le. 
biocompatible buffers), ethanol, polyols such as glyco-ol, propyloie glycol, polyethylrae 
glycol, suitable mixtures thereof sur&ctants, and vegetable oils. Isototuc agents such as 
sugars or sodium chloride may be incorporated into the subject compositions. 
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The preset inventioii is fiirth^ iOustrated by the foDowing oranq^les which m no way 
should be construed as b^g further linuting. The contents of all refo^ences cited throu^out 
tMs application are hereby expressly incorporated by reference. 

5 EXAMPLE 1: OVER-EXPRESSION OF ECTO-PHOSPHATASE DOES NOT INCREASE 
THE CELLULAR UPTAKE OF ADENOSINE 
MATERL\LS AND METHODS 

Transgenic Plant Construction : psNTP9 (Pisum Sativum sq^yrase, GenBank acces^on 
#Z32743) was subcloned as a SaQ to Xbal fragment mto pKYLX71 (Schardl et al, 1987, 

10 supra.). This plasmid was transformed into A. tumefaciens GV3101 [pMP90] pKYLXTl 
(Koncz» C and Shell, J., 1986, MoL Gen. Genet 204:383-396.), which was used to infect 
root calli from Ws ecotype Arabidopsis thalidna under kanamydn sdecdon (Vahrdcens, D. tt 
al., 1992, Proc. NaiL Acad Sci. USA 85:5536-5540.). Four individual lines, obtained from 
separate calli, were propagated to the third goieradon (T3). 

15 Subcellular Apvrase Distribution in Pea : Etiolated pea plumules served as the tissue source for 
nuclei and cytoplasm isolation as described by Chen and Roux (Plant Physiol 81 :609-612 
(1986)). Plasma membrane was prepared from 30 g of pea root tissue (Zhu Md Jim and Chen 
Jia, 1995, Acta BotanicaSmicayi942 949y Western analyas was performed on 15-30 |Xg 
of protein fix>m cytoplasm, plasma membrane and nucld using a polyclonal anti-apyrase 

20 antibody raised against the purified pea protem (Tong,C.etal., 1992^ Plant Physiol 
101 : 1005-101 1). To determine the orientation of the pea apyiase in the pea {dasma 
membrane, outade-out vesides were prepared (Short et al., supra.)^ and the accessifa^ of 
the en2yme was detemdrcd by sdective tiypah proteolysis, or membrane sha^oi^ followed by 
activity assays and westmi blottfaig. 

25 Phosphate uptake exp^iments and growth assays : In all e?q>CTiments the growth media did hot 
contain sugar, and plants were grown in stmle culture at 22° C under 150-200 |iE of 
continuous lig|it. Unless otherwise noted, a standard 0.8% agar mediinn (Becton Dickenson, 
Cockeysville, Md.) containing 100 phosphate was used for uptake assays (Somerville, C. 
et al., l9i2^ Methods in Chloroplast Biology^ Elsevio- Biomedical Press, Amst^dam, pp 129- 

30 138). Plants used for the phosphate uptake experimmts wane grown ^gly in l-nd of the 

standard ag^rmecfium for 15 days prior to the experiment. Onthedayoftheexperinrait, 10 
jiCi^^ was applied to the ade of the cuhure <fish and allowed to diffiise through the agar. 
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The lids of 95 mm x IS mm tissue culture dishes (Fisher, Pittsburgh, Pa.) wSTgremoved to 
facilitate transpiration. After 18 hours, the plants wo'ermioved from the medium. The aerial 
portions of the plant not in contact with the agar were wdghed and counted by liquid 
sdntillation. For each plant the entire root system was careftiUy pulled from the agar and 
5 washed in ice cold vizter prior to scintillation counting. To measure the transport of tiie 

products of ATP hydrolysis by the transgenic plants overexpressing apyrase and by wild-type 
plants, [2,8-^ ATP, [O^^PJATP, and [Y^¥] ATP (Amersham) were fed to 15-day-old plants 
in separate treatments. All treatments were analyzed for ^gnificance in a T*test (n>4^ for all 
groups, *P<0.05, error bars = s.e.ra). 

10 

RESULTS 

Detection of the pea apvrase m nucld and in purified plasma membrane: By immunoblot assay, 
the pea apyrase was fr>und to be assodated vnih nudd and with purified plasma menibranes. 
but not with the cytoplasm (Figure 1 A). The contents of the lanes in Figure 1 A are as foflows: 

15 Larie 1, cytoplasm; Lane 2, purified plasma inembrane;I^e 3, purified nucl^ 

pre-immune control of nudd. Protease treatmmt destroyed both apyrase activity and 
antigenicity in outside-out plasma membrane vesides. After trypsm treatment, the exterior 
face of the vedcte showed 30% of the ecto-phosphatase activity of the untreated sanq>le. 
Endo-pho^hatase activities w^ retained after trypsin treatment, indicating that the digest 

20 occurred exdu^vely on the extoior face of the membrane. These data indicated that the ecto- 
apyrase was in fact bdng expressed in the extracdlular matrix (ECM). 
Enhanced Growth of Plants OvCT-Expressing Apvrase : Three of the fovar transgenic plant lines 
constitutivdy expressed psNTP9 under the control of the cauliflower mosaic virus 358 
promoter and over an 18 hour period showed two to five times as nrnchfdiosphate 

25 accumulation m shoots as wild type (Figure IB); Top, the total phosphate accumulated in the 
dioots of three independent transformants in ah 1 8 hour ^^P uptake assay at 2 phosphate; 
Bottom, a corresponding immunoblot p^fimned on equal amounts of protdn isolated from 
the ECM of three week-old wild-type Arabidopsis ihaliana and the psNTP9 transgenics. 
Apyrase pressing plants also showed four times as much phosphatase activity in the 

30 extracellular matrix as the wild-type (Figure IC). (Note, 0£1 in the figure stands for over- 
expresaon 1 transgenic line). 
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Transgenic plants preferehtially transport the gamma phosphate of ATP: In ordo* to address 
wh^er over-e3cpres^on of ecto-apyrase was stimulating the adeno^ne salvage pathway, the 
intracellular uptake of adoiosine was measured both in the presence and absence of the over- 
expres^on of apyrase. The inabifityofapyrase to translocate dther extracellular AMP or 

5 adenoane was demonstrated by the low level of radiolabel accumulated in the tran^oiic 
plants fed [2,8^H]ATP and [o^^PjATP (Figure 2). The complete dephosphorylation of 
[2,8^ ATP would result in a racfiolabelled adenosine molecule while the complete 
dephosphorylation of [oc^^P]ATP would result in a non*labeled adenb^e label Figure 2A 
ilhistrates that plants overexpresang apyrase did not translocate radiolabelled adeno^e (or 

10 byproducts of the dephosphorylation of [2,8^ATP) any more efiBdently than plants not 
ov^rexpressing iq>yrase (i^ld-type plants). Egure 2B illustrates that plants overexpressing 
apyrase did not translocate AMP (or the byproducts of the dephospborylated [cx^P] ATP) any 
more eflSdmtly than wild-type plants. In conqiarison, fee(fing experiments i^ere the y 
phosphate was labeled, the transgenics accumulated diree times the amount of labded 

IS phosphate as the wild-type (Hgure2C). These data show diat the ov^-e?q)resaon of apyrase 
does not induce an increase in the uptake of adenosiiKi and therefore its over-e?q>ression does 
not act to stimulate the adenosine salvage pathway. 



EXAMPLE 2: ECTO-PHOSPHATASE IS INVOLVED IN DRUG RESISTANCE IN 
20 YEAST AND PLANTS 

MATERIALS AND METHODS 

Exoresaon of AtPGP-1 in veast: The AtP(3*-l cDNA {Arabidopsis t/mliana MDR gene, 
acces^on #X6I370) was subcloned into pVTlOl downstream of the ADH promoter to create 
the AtPGP-l/pVTlOl construct. AtPGP^l/pVTlOl and pVTlOl were transformed into 
2S Saccfutrono^s cereviaae INVSCl (genotype: MATiK MsS-Al 1eu2. trpl-289. uraS-ST) and 
YMK4 (genotype: MATMs3-Jll5, leu2-3, J12urd3A5, can Res pho5, 3:.^a3Al) by a 
PEG lithhmi acetate procedure (Eble, R., 1992, Biotechmques i3: 1 8-20) and selected on 
uradl dropout medium. 

Yeast Growth : Yeast were grown at 30° C undo- conditions of constant selection for uradl 
30 auxotrbphy. YNB (BiolOl, Vista, CA) supplemented with CSM (uradl dropout) and 2% 
glucose was used to grow strains ha^g pVTlOl constructs. Cycloheximide (Sigma 
Chemical, St. Louis, MO.) was added to ficpiid me(fia or spread on solid media to achieve a 
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final concentration of 500 ng/ml. Nig^dn (Sigma Chemical, St. Louis, M(X)was added to 
liquid media or spread on solid media to achieve a final concentration of 25 |ig/ml. Yeast 
strains used in cyclohe}dmide selection assays were always propagated in the presence of the 
cycloheximide on plates and then streaked onto new plates containmg drug or no drug, such 
5 , that induced re^stance existed in eadi strain at the time ofthe start of the assay. For selection 
assays on plates, sin^e colonies were streaked; for selection in liquid media 0.01 ml of 
saturated culture was added to fresh media containing the drug. The plates shown in figures 
were grown for 3-5 days before photographs were taken. Yeast selection assays in liquid 
media were quantitated by turbidity as measured by absorbance at OD^, 

10 Expresrion of apvrase and AtPGP-1 in plants : The expression of apyrase in plants is as 
described above in Example 1. Similar methods were employed to express AtPGP-1 in 
Arabidopsis ihidiana plants vnth the fpllovang modifications. The AtPGP-l coding r^on 
was subdoned into a pBIN vector lacking the GUS gme as described in Sidler, et al., 1998, 
The Plant Cell 10:1623'1636. This plasmid was then transforined hitOi4. Ii/m^/^ 

IS ^ described above, which was used to infixt root calfi to produce tnui^genicpl^ 
AtPGP-l. 

Plant growth: Arabidopsis thaUana seeds were sown in a solid germination media containing 
MS salt, 2% sucrose, 0.8% agar, and vitamins (Vah^kais, D. et al., 1992, Proc. NatL Acad 
Sci. USA 85:5536-5540. For sdection assays, cycloheximide was spread on the media to 
20 achieve a final concentration of 250 ng/ml. Plant growth was measured by germination 
percentage after 6-30 days. 

RESULTS 

Effect of ov er-expresaon of AtPCff-1 in veast: When a yeast mutant, YMR4, wMch is 
25 defident in two major extracdlular phosphatases and tends to accumulate ATP extracelluariy, 
was grown m a potent cdhilar toxin, ^lohexiimde, it did not grow whereas a wild-type yeast 
stram, INVSCl, did grow in the presoice of cycloheximide (Figure 3A). Surpriangly, 
expresaon of the plant multidrug resistance (MDR) gene, AtPGP-1, oiabled the yeast mutant 
to grow in the toxin (Figure 3B and Rgure 5A below). The presence of AtPGP-1 in the wQd- 
30 type yeast did not have any efiect \^en grown in the presence of cycloheximide (Figure 3B). 
The same resuh was obtained i^ien the yeast strains wo'e cultured in cdgeridn (Rgure 3C, 
3D, Table 2, Figure 5B). In Figure 3C and 3D, starting firom the top of the dish clockwise, 
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the ceUs are as follows: INVSCl (wDd-type) ovc^expressng AtPCSP-1, YMR4 contaimng the 
vector alone, yMR4 overexpresang AlPGP-1, and INVSCl containing the vector alone. 
When grown without drug, aU the cdis grow (Figure 3C), However, when grown in drug, 
only the YMR4 containing vector alone shows reduced growth. The survival of the AtPGP- 
1 transformed strains was due to the ability of the MDRl channel to e£Elux the toxin, hence 
lowering the actual cdhilar concoitration of the poison cycloheximide. The sensitivity of the 
untransformed mutant to the drug is likdy due to a loss of the ATP gradient below a point at 
which endograous transporters, dmilar to AtPGP-1 can fimction. 



TABLE 2^ 
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selep^ cells 






DavO 


Davl 


Dav2 


Dav3 


3^nii4nidrl 


0 


0.016 


0.238 


1.135 


yinr4pvt 


0 
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0.018 
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1.047 



* Graph showing the growth turbidity of YMR4 yeast over-expresang the Arabidcpsis 
plant ABC tranq>orter AtPGP-1 grown in nigaidn. 

Effect of ov eir-eroression of AtPGP^l in pbnts : Theow-expresaon of AtPGP-1 was able to 
20 confer resistance to cyclohexiniide in plants (Hgure 4A and 6) and to the cytokuiin, N^2- 

isopentenjd)adennie(2IP)(Rgure4B). These iuuhs had not bera observed previously and in 
&ct, the prior art actually teaches away fix>m this finding suggesting that ov^-eTqpresaon of 
plant ^GP-1 is not mvohmi in drug ineastance: See Sidler, M. et al., 1998, ThePhnt Cell 
jO: 1623-1636. Th^efofe, this resuh was particulariy unexpected in plants. Additionally, 
25 ^ce Arabidcpsis plants overe?q>ressing AtPGP-1 are able to grow in both cydoheximide and 
cytokinin, this suggests that the conferoice of drug resistance by AtPGP-1 is likely to be seen 
with other chemicals as weO and is not an isolated phoiomenon. 

Effect of ov er-expresgon of anvtase on drug resistance m plants : Another unexpected resuh 
was obtuned\^CT the plant apyrase gene was ovar<^9q>r^ Over-expresdon of 

30 apyrase in plants resulted ni the conferrace of reastance to cyclohexunide (Rgure 4A and 6). 
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(2-isopentei]^) admine (Figure 4B). In &ct, over-e}q)iession of apyrase is su^ 
to raise the gennination rate above the level obtained by the over-e3cpression of the MDR gene 
AtPCS'-l (Figure 4A, 4B and 6). Just as under-eTcpresaon of phosphatase activity in a yeast 
mutant laddng two potent exlracdlular phosphatases diminished its resistance to 
^doheximide (Figure 3 A), over-expression of a powerfid extracdhilar ATP phosphatase in 
plants bolstered resistance. The &ct that higher resistance was found in plants genetically 
manipulated only with req>ect to pho^hatase over-expression and not MDRl, indicates that 
there likdy exists oth^ ATP-symporters used in detoxification in addition to MDRl . 
Minimally, the stronger ATP gradient set up by apyrase in the tran^fflic plants afifects the 
kinetics of the wild-type MDRL 

EXAMPLE 3: ATP EFFLUX IN YEAST AND PLANTS OVEREXPRESSING AtPGP^l 
MATERIALS AND METHODS 

ATP collection: Yeast cells used in the hidferase assays were grown for two days and then 
transferred to fi^ media at the time of the assay. From this time forward, the cells were kept 
at room temperature on arotator. Every hour a 1 ml aliquot was taken, the cells in the aliquot 
w^e counted on a hemocytometer, a meth^ene blue viability assay was performed (Boyum, 
R. and Guidotti, G., 1997, Microbiology 143: 1901-1908), the cells were centrifuged, and the 
supernatant was stored in liquid nitrogen until all the aliquots were collected. For luciferase 
assays involving plants, Arabidopsis thaliana plants were grown in sterile culture at 22^ C 
under 1 50-200 of continuous light for at least 1 5 days. Foliar ATP was collected by 
placii^ a single 30 ^1 drop of ludferase bufifer (Analytical Luminescence Laboratory, 
Cockeysville, Md.) on a leaf and, without making <firect pfayacal contact with the plant, the 
droplet was immediatdy collected and sn^) fixizm. For eadileaC the area was appro»mated 
as an int^rated area of a 2-D image of die leaf uai^ NIHL52 software (Shareware, MH). 
Luminometrv : Sanq)les were reconstituted to a 1 00 |il final volume in Krelight™ buffer 
(Analytical Luminescence Laboratory, Cockeysville, MD). After the buffer was added, all 
samples were kept on ice. ATP standards were reconstituted in 1 00 |il of Firelight™ buflfer 
and the standards and sample w^ loaded into a 96-well plate and read on an automated 
Dynex Technologies Model MLX hmunometer (Dynex Tedmologies, Chantilly, Va.). 
Samples viw processed with the addition of SO |il of Firdigfat™ enzyme (Analytical 
Luminescrace Laboratory, Codkeysville, MD) fi>llowed by a reading delay of 1 .0 second and 
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an int^ration time of 10 seconds. Output was taken as an average for the integration time 
and then averaged for multiple samples. The sample handling time was less tiian 2 hours. 
Pulse Chase experiments : Yeast were grown to saturation in liquid medium, as described 
above, centrifiiged, and resuspended in fresh medmm containing 1 |iCi/mI "^-adenosine 
5 (Amersham, Artington Hdglits, 11). The cells were rotated at room tonperature for 20 

minutes to allow adenosine uptake. After 20 minutes the cells were c^itrifiiged! The pellet 
was washed twice in ice cold medium, resuspended in culture medium at room tanperature, 
divided equally betwem five types (five per cell line), and placed on a rotator. Eveiy ten 
minutes a separate tube from each cell line was centrifuged and the pellet and supernatant 
10 were placed in separate scintillation vials. The efiQux activity was e3q>ressed as the ratio of 
counts in the supernatant to counts in the pellet. 

RESULTS 

The ATP effluxed bv the plant MDRL AtPGP-U over-expressed in veast : In wild-type ceDs 
IS there is a steady*state level of ATP in the extracellular fluid, v^ch is to say that the ATP 
outside the cdls is rapidly d^raded by phosphatases and does not accumulate over time 
(Figure 7), However, the expresson of the AtP(3P-l doubled this steady-state level (Figure 
8): If the yeast mutant, YMR4, whidi is defident in extracellular phosphatase activity, is 
analyzed, fbete was a noticeable accumulation of ATP in the extracdhdar fluid compared to a 
20 control mutant transformed witii empty plaanid pVTlOl (Rgure9). In addition to ATP 
measurements based on luminometiy perfonned on a kin^c time*scale of hours» an eariier 
difiB»*ential ATP dSSux inMDRl e^qsressbri^ 
demonstrated (Figure 10). VvathimaoTe^AmbidopsisA^ 

transformed lines, that constitutively express the AtPCP-1 protein, showed a agnificant 
25 accumulation ofATP on thdr leaf surface Taken to^th^, these data 

dOTionstrate the absolute ability of plant MDRl , AtPGP- 1 , to tran^rt ATP from inside the 
cell to the out^e. Moreover, these data ^ow that ATP efOux channels and phosphatases 
both have roles in the steady*state levd of ATP outside of the cell. This is the first 
demonstration of the importance of extracdhilar ATP steady-state levds, and the importance 
30 of an ATP gradiat across biological membranes in the modulation of drug resdstance. 
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EXAMPLE 4: A TWO-COMPONENT SYSTEM IS FOUND IN ARABnX)PSIS VhAt^S 
MATERIALS AND METHODS 

Plant Growth : Arabicbq^s seeds were sown in a solid geniunation media contaJiung MS salts 

(Sigma Chemical, St. Louis^ Mo.), 2% suax>se, 0.8% agar, and vitannns (Valvekens, D. et al., 
5 1992, Proc. NaiL Acad ScL USA 85:5536-5540). For selection assays, one of the foOowing, 

or a combination of both, was added to media (cooled to less than SO^C before adcfing) 

inunediately prior to pouring into plates: cydoheximide at a final concentration of 500 ng/ml; 

a,P-methyleneadCTosfine 5*-diphosphate at a final concentration of ImM. Plant growth was 

measured by germination percentage after 10-20 days. 
10 All oth^ materials and methods were discussed above in Example 2. 

RESULTS 

Effects of phosphatase inhibitor on plants overexpresang AtPGP-l: Figure 12 shows that 
when wild-type and AtPGP-1 overexpresang (MDR OE) Arabidopsis ihaliana plants wm 
either treated with notlung (lane 1), cydohennude (lane 2), oc,P-methylmeadenosine 5 - 

15 diphosphate (phosphatase inhibitor) 0sne 3), or cydohexinude and phoq)hatase inhilntor (lane 
4), both the \^d-type and the AtPGP-1 over&qn'essing plants were affected dmilarly by the 
presence of phosphatase inhibitor. While the AtP(P-l overe^ressing plants grew 
significantly better in the presence of cydoheximide alone with a 50% germination rate for the c 
AtPGP-1 overexpressing plants and a 2% germination rate for the wild-type plants, amilar 

20 gemination rates were seen for both the AtPGP- 1 overexpressing aikl wild-type plants in the 
presence of dther pho^hatase inhibitor alone (83% and 90% gominaticm req)ectivdy) or 
cydoh^mide plus phosphatase inhibitor (no geriiunatim at all). The addition of phoq[>hatase 
inUUtor suipriangly destroys the ability of the AlPCP-^ 
presoM^e of cycloheximide. These data suggest that phosphatases are mvolved m the 

25 conference of drug resistance in plants and that there is a two-conqxxnent system similar to 
that demonstrated in yeast in Example 2 and 3 above in ^di an MDR-like protein and an 
: ATP-gradioit-maintaining eao-phosphatase are important m modulating drug 
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EXAMPLE S: TOE ATP GRADIENT DIRECTLY EFFECTS DRUG MSISTANCE IN 

CELLS 

MATERIAL AND METHODS 

Cdl lines: Cdl lines were the same as those described above in Example 2 and 3: YMR4 
S MDRl is the phosphatase mutant yeast strain overexpressing AtPGP-1; YMR4 pVTlOl 

contains vector alone; INVSC MDRl is the wild*type yeast strain overexpressing AtPGP-1; 
andlNVSC pVTlOl contains vector alone. 

Selection in drug : To create drug redstant yeast strains, all four cdl lines were grown up m 
the presence of 500 ng/ml of cydoheximide, and tranidfmed to other cydoheximide oontaimng 

10 plates after a period of four to she days. This transfer ofceD lines and subcultuiiqg continued 
such that the yeast cdls grew in the presence of ^doh&dmide for a period of at least a month. 
Cells cultured in media alone: To oreate ceO fines tlmt had not beon presdected for their d)ifity 
to grow in drug, yeast strains wm grown on plates containing YNB (Bio 1 0 1 , Vista, C A) 
without urad](-lJRA) to maintain the presrace of the vector (ii^disupphe^ * 

IS any drugs added. 

Growth of cells in suspenaon for ATP and drug sdection expeiimCTts : Cells were transferred 
into 5 ml YNB -URA liquid media for turbidity measurements. All cell fines (both non-drug 
selected and drug-selected) w^ grown in media with the addition of dther notlung, 500 
20 ng/ml qrdoheximide, 100 mM ATP, or 500 ng/wl cydoheximide and 100 mM ATP. 
Turbidity readings were taken after 48 hours. 

Gn)wth of c dl fines in suspenfflon for sahrnce pathway expefimmts: AD cdl line^ 

in liquid media ddier contammg drug (finr the drug sdected fines) or not coittainmg drug (for 

25 the non-drug selected fines). AVhm the odtures reached a tuibidityofl.OO as measured at a 
wavelength of 600 in a spectrophotometer (OD^ = 1.00), 10 ^1 of each culture was then 
removed and placed in dther media with nottung added, 3 mM potassium pho^hate; 3 mM 
adenosine; 9 mM potas^um phosphate and 3 mM adenoane (for controls); potassium 
phosphate and cydoheximide; ad^iosine and cydoheximide; adeno^e, cydoheximide, and 

30 potassium phosphate. CeUailtures wereforthergrownfor 72 hours, and their turbidity was 
determined by OD^ readings on a spectrophotometer. 
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Growth of cell lines for nigericin experimoits : Drug selected lines ware removed from 
c^cloheximide containing plates and placed in S ml liquid media containing 5 ng/nd 
cycloheximide. Cdl cultures were allowed to grow until th^ reached an OD^ readii^ of 
1.00, and then 10 |il from eadi culture was removed and transfored to culture tubes 
5 containmg 5 ml of liquid me(tia and 25 (ig^ml nig^idn. OD^ readings were recorded daily 
for a period of up to 72 hours to d^ennine growth. 
RESULTS 

An ATP gradient is critical in MDR : The importance of the ATP gradirat in MDR in yeast 
cells was demonstrated by showing that the growth of cells which were previously grown in 

10 dmg and had developed resistance to the drug, were not able to grow in high levels of ATP 
unless they were overexpressing AtPGP-1 (TABLE 3). Cells \^ch had not been pre^ousty 
sdected in drug were able to grow in die presence of tug^ levels of ATP(TABLE 3). These 
data empha^ that the loss of an ATP gracfimt is pre>aou^ re^stant ceD lines abolishes 
re^stance. TUs resuk is new to the understanding ofMDR and has led to vast inaghti^ 

15 understanding of the medianism by wfaidi MDR-ABC tranq)orters confer leastanoe to cdk 
and to methods to modulate sudi reastance. Moreover, when cells were grown in high levels 
of ATP and diug (cydoheximideX even the cell lines which had previously showed resistance 
to drug were unable to grow in the presoice of drug and ATP. These data inthcate that when 4^ 
the ATP gradient across biological membranes is d^troyed (by the presence of high 

20 extraceUular levds of ATP), ^9ux of driigs cannot be achieved and therefore, drug resistance 
is abolished. In summary, the multi-drug resistance diannd is not functional i^thout an ATP 
gradient. 



Tflble3» 




Dn^^sdectedCdls 


Cells cultured <»ily on Media 


Cvdoheidniide 






ymr4nidrl 


0.745 


0.014 


ynii4pvt 


0.017 


0.016 


invscmdrl 


0.683 


0.013 


invscpvt 


0.985 


0.005 
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Drug selected Cells 


Cells cnhuied cmly on Media 


A *-» ^ * * 

ATPi^ciolicuimde 




- 


yinr4iiidrl 


0.001 


0.001 


ynir4 pvt 


0.002 


0.001 


invscindr] 


0.001 


0.002 


invsc pvt 


0.001 


0.002 


ATP 






yiiii4]iidrl 


6.016 


0.585 


yini4pvt 


0.001 


0.697 


invscmdrl 


0.271 


1.267 


invsc pvt 


0.052 


0.213 


Media alone 






3^ini4]iidrl 


1.477 


1.4TO 


3?iiii4pvt 


1.437 


1.484 


invscmdrl 


1.498 


L483 


invsc pvt 


1.488 


1.435 



♦ Growth eflfects of c^clohexiinide and extracellular ATP on wild-type and MDRl 

overexpressing S. cerevisiae yeast cells \^ch have dther never seen cyclohexiniide or 
which have been previously selected in cyclohexindde. 
The drug resistance is not due to an adenoane salvaee pathway: In order to address whether 
the involvemoit of a nucleotide salvage pathway was re^ns9)le for the reaiks of the |»esent 
invention, yeast cells were odtured in the presence of extracefliilar adenosine and extraceDular 
pho^hate. The add phosphatase yeast mutant, YMR4, was selected because its decreased 
ecto-]dio^hatase activity makes it an ideal candidate for studying the effect of extracdhdar 
nucleotides on growth. If an adeno^ne sahrage pathway were mvolved, then the presence of 
extracdlular admosine or possibly phosphate should help cdls recoup the uxtracdhilar ATP 
losses due to ATP/drug efiQux and should help cells grow in the presence of drug whether or 
not the cdls wa^e ov^expressing AtPGP- 1 . In contrast, however, the adcfition of adenosine 
or phosphate to the media did not enhance reastance to the cdls (TABLE 4), In feet, cdls 
ov^expres^g AtPGP-1 grew best in drug alone, with the addition of adaiosnne and/or 
phosphate being slightly inhibitory. Furthermore, cdls which did not express AtPGP-1 were 
unable to grow in drug regardless of the presence of adenosine and/or phosphate. These data 
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suggest that an adenosine salvage pathway is not the prindpal mechahism d^rk in the 
present inventioa 



Table 4* 


Media alone 




Odoheximide 


ymAmdxl 


1.376 


ynir4 mdrl 0.937 


ynir4pvt 


1,429 


ynir4 pvt 0.001 


PO4 alone 




PO. and Cvdoheximide 


ynir4nidr1 


1.351 


ymr4 mdrl 0,541 


ymr4pvt 


1.341 


yinr4 pvt 0.001 


Adenosine alppe 




Adeno^ne an4 Cycloh^imid? 


ymr4nidrl 


1319 


ynir4 mdrl 0.632 


ymr4 pvt 


1.354 


ymr4 pvt 0.002 


Adenosine and PO^ alone 


Adenosine and PO^ and Cvdoheximide 


ynir4mdrl 


0.899 


ymr4 mdrl 0.389 


ymr4pvt 


1.342 


ynir4 pvt 0.001 



Growth eflfects of c^ohexiniide, adeno^e and i^osphate on wild-type and AtPGP-1 
overe^qiresfflngiSl ceiimsuie yeast cdls. 



20 EXAMPLE 6: HIGH THROUGHPUT SCREEN FOR ISOLATING APYRASE 

nSHmrroiis 

MATERIAL AND METHODS 

Small Molecule Library: A sn^l molecule Hbraiy (DIVERSet format F), vMdk was 
spedfically constnicted to maxinuze structural diversity in a relatively small lilmiry (9600 
25 conq>oundsX was obtained from ChemBridge Corporation (San Diego» CA). The small 

molecules (supplied in 0. 1 mg dehydrated aliquots) were dissolved in DMSO, transferred to a 
% wdl plate, and tested for their ainlity to uihibit iq)y^ 

The assay: A stringent screen to test the ability of small molecules to disnipt the ATPase 
acthdty of the apyrase eazyme was devdoped based on phosphate-mob^ate complexadon. 
30 The assay was a modification of a pho^holipase assay developed by Hergenrother et al. 
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{Lipids 32:783-788 (1997)). UikI^ nonnal conditions^ the apyrase enzyme liberates 
phoq[>hate from ATP present in the reactioa The lib^ed phosphate quickly fonns a 
complex upon addition of a small amount of addified molybdate and ascoibate allowing for 
the production of a very dark bhie color (the less phosphate liberated, the less bhie color). 
Control reactions were performed with heat inactivated apyrase enqone. Color intensity was 
detected on an Alpha Imager 2000 with AlphaEase™ software (Alpha Innotech, San Leandro, 
CA). Color dianges were also evident by the naked eye. A Biomdc 2000 robot (Beckman, 
FuUmon, CA) \ras used for screening the 9600 samples. 

To each wdl of the 96 well plates containing a small molecule from the library, 
100 |il of reaction haSkx (60 mM HEPES, 3 mM M gCl2, 3 mM Caa2, 3 mM ATP pH 7.0) 
was added. The apyrase (potato apyrase grade VI, Sigma Chmucal, St. Loius, MO) oizyme 
(0.1 units) was added in a 5 )il vohmie imd the reaction was allowed to proceed at room 
temperature for 60 minutes. 

Three bufiSsrs were used to visualize activity: 

Buflfer A: 2% Ammonium molybdate in watar 

Bufib* B: 1 1% Ascorbic acid in 37,5% aqueous TCA. 

BuflG^ C: 2% trisodium dtrate, 2% acetic add. 

Immediately before developing the assay, buff^ A and B were mixed in a 
1:1.5 ratio. 50 p.1 of A:B was added to each well. The 96 well plate was then vibrated on a 
table sur&ce to mbc the solutioiL The deep bhie color devdoped after approximate 2 
minutes. After 2 mimites^ SO ^lofbuflSa-C was added to eadi wdl and the bhie color bec^ 
darker, increasmgtiie saiffltivity of the assay. The color intensified for up to cme hour with no 
accompaiij^g color dumge m the control wdls containmg heat inactivated apyrase enzyme. 
The color intenaty for a single plate was measured on an Alpha Imago- 2000 w 
AIphaEase™ software (Alpha Innotech, San Leandro, CA). 
RESULTS : 

Nineteen po^tives were identified fi-om the 9600 compound DIVERSet library. Dose 
response assays revealed that fourteen showed weak inhibition, two showed medium inhibition 
(Formulas IV and V), and three showed rektivdy strong inlubition (Formulas I, II and m). 
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AVHAT IS CLAIMED IS: 

I. A m^hod for increasing or decreasing dmg resistance in 

plant or mammafian cdl comprising altering the ATP gradient across the Uological membrane 
of the tai^^ celt 

5 2. A m^hod for ahering the ATP graitient across the biolo^cal membrane of a 

target bactaria, yeast, plant or mammalian cell to adiieve an increase in drug resistance 
r: conqmang up-r^ulating an ecto-phosphatase in the target cdl. 

3. The method of claim 2 fiirther comprising up-regulating an ABC transporter in 
the target cell. 

10 4. A method for ak^g the ATP gradient across the biological membrane of a 

targ^ bacteria, yeast, plant or mammalian cdl to adiieve a decrease in drug resistance 
compriai^ dowiv-regulating an ecto-phosphatase in a target cdl. 

S. The method of claim 4 further compriang down-regulating an ABC transporter in 
ataigetcdl. 

15 . 6. A method for altering the ATP g^ufientaoross the biolo^cdmembnme of 

plam cdl to adueve an inciiease in dnig reastance comprising up*re^ 
transporter in the target cdl. 

7. A method for altering the ATP gradient across the biological membrane of a 
plant cdl to achieve a decrease in drug resistance comprising down-regulating an ABC 

20 transporter in the tai^et cdl. 

8. A method for augmenting the ch^otherapeutic eSectivCTess of a 
chemotherapeutic molecule by decreasing reastance to the chemothenq)eutic molecule in a 
tai^et ceU compriang downni^^lating an ecto-phosph^^ 

j 9. ThemethodofclaimSfinthercompridngdownrreguiatinganABCtran^^^ 

25 the target cell. 

10. A method for conferring heibidde re^stance to a plant compridng up-r^ulating 
an ecto-phosphatase m the target cdl. 

II. The method of claim 10 further comprising up-regulating an ABC tnmsporter in 
the target cell. 

30 



55 

BNSOOCIO: <WO__00e2144At J_> 



wo 0052144 



PCTA)S00/05315 



12. A method for inoreaang senadvity to a drug molecule to intubit or amdtorate 
microorganisra infecdon in ammals and humans by altering the ATP gradient across the 
biological membrane of a microorgamsm to adiieve a decrease in dnig reastance compridng 
doivn-regulating an ecto-phosphatase in a target cdSL 
5 13. The method of daim 12 further comprising down-r^[ulating an ABC 

trBnq[>orter in a cell of the microoigamsm. 

14. The method of daim 2, 4, 8, 10 or 12 \)^^idn the ecto-phosphatase 

is selected from the group consisting of Pistm sativum £^>yrase(G«iBank accession # Z32743) 
and H(mo scqnens iq>yrases (GenBank accesdon # AF034840, AF039916, AF039917, 
10 AF039918 and HSU87967). 

15. Them^odofdahnS, 5,6,7,9, 11 or 13 vAio^ the ABC transporter is 
sdected from the group comdsdng of Anibidop^s thdiam AtPGP-1 (GenBank acoes^on # 
X61370), HMto sapiens Pgp (GenBank accesaon # M29432), Homo scpiem MDR-p (PCT 
publication WO 98/46736), Sacchar^myces cere^isiae STSl (GraBank accesdon # X75916), 

15 Saccharomyces cerevisiM PdrSp (G^iBank accession # 1420383), Aspergillus fianigaius 

Afu-MDRl (U.S. Patat No. 5,705,352) and Laciococcus Uwtis LmrA (GenBank accession # 
U63741). 

16. A method for inhibiting an ecto-phosphatase comprising contacting an ecto- 
phosphatase with an ecto-phosphatase inhibiting amount of an ecto-phosphatase inhibitor 

20 sdected from the grcNip consisting ofmolecdes having the Formulae I through 
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19. The m^od of daim 16 herein the ecto-pho^hatase is selected from the 
30 group consisting of Puiaifjatfviima{}yi^ 

apyrases (GenBank accesaon # AF034840, AF0399ecto-phosphatase, i\F03991 7, AF03991 8 
andHSU87967). 
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20. AmethcKlfordeavaangdn^resastaoceinataisetbac^^ 
plant or maimnaGan cdl conqniang introdudng to odls a drug reastance-ndubiting amount of 
an ecto-phosphatase inhilntoiy molecule sdected firom the group oonastbg of molecules 
having the Formulae I through XIX: 
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xm 




XIV 
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20 XEX 



25 



21. The method accoidmg to daim 20 the manmiafian 

30 ceils. 

22. A method of idoid^ng an inhUntor of an ecto-phosphatase compliant 
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a) contacting the ecto-phosphatase with a anaU molecule in tiie presence of 
ATP und^ conditions wfao^ the ecto-phosphatase has ATPase activity, 

b) incubating the ecto-phosphatase, small molecule and ATP for a period of 
time suffident to liberate phosphate from the ATP, and 

5 c) adding ammonium molybdate and ascorbic add to the ecto-phosphatase, 

small molecule and ATP to form a complex with liberated phosphate and to gmmde a dark 
blue color, wherdn inhibition of the ecto-pho^hatase by the small molecule results in less 
phosphate liberated and less blue color. 

23. The method accordmg to daim 22 fiuther compriamg addu^ 
10 triso(fium dtrate and acetic add. 

24. The method accordmg to claim 22 whopein the ecto-phosp^^ 

selected from the group consisting of Pisum sativum apyrase(GenBank accession # 232743), 
Hcmo scfriem apyrase (GenBank acces^on # AF034840, AF0399ecto-phosphatase, 
AF039917, AF039918 and HSU87967) and potato apyrase (GenBank accession U5859T>. 

15 
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LAOONG 
Thk ISA foimd onddiik invenliaiis as foflowi: 

This applkition cooteiiu the fottowing imycntkms or gioupt of invcatioiiB which ue not to finked as to fonn a sin^ 
inventive oonoqit under PCT Rule 13.1. la order for aH inventions to be searched, the appropriate addidonal sear^ 
fees mutt be paid. 



Groi9 1, cfadms 1-7, 10, 11, 14 and 15, dmvn to a fust method for increasing or decreasing dnig resistance in a target 
bacteria, pisnt, sfcast or nwmmaBan cell eooqirising altering the ATP gradient across the biolo0bai mendnane of the 
cdL 



Group n, daims 8 and 9, drawn to a second method, for augmenting the chemothei^ieutie effectiveneis of a 
Group m, claims 12 and 13, drawn to a third method, for increaaing scasitivit y to a drug molecule to inh9»it 



<Uoup IV, chums 16-24, drawn to a fouith method, for inhibiting an ecto^phosphatase comp risin g contacting an 
witft aa ccto-phoiphatase inhMor, and for idenlifymg aa ccto-pho^diatase inhantor. 



The inwartions fisted as Groups 1-4V do not refaite to a ahi^ inwoitiv^ 

PCT Rule 13.2, they lack the ssom or corresponding special trrhnical featurea for the foOowmg reasons: The method 
for increasing drag resistance of Grot^ I is not shared by the method for augmenting chemotherapeutic effectiveQess of 
Group n, or wkfa the n^thod for inhi>iting aa ecto-^)bospbatase or for identifying an octo-iibo^tfaatase inhibitor of 
Gfov^ IV. The phmU of Group I are not shared with the methods of GroiqM II-IV. The chemothen4)eutic molecoles of 
Group n are not shared with the other groupi. The microorganism infecdon of Gioup HI is not shared with ^ other 
groups. The tdmtifirstinn of ectafihoiphstasc inhibkori of Group IV is not shared with the other groups. 
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